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ABSTRACT . ^ ^ 

Presented in this publication ape summaries ^of 
projects in advisory services, coastal zone studies, fisheries aiid 
aguacultare, marine products, and ocean engineering, A listing of 
publications and an activity budget are included. The Annual Report 
for '1973-1974 is intended to be a general overview of the total 
activities of the Sea Grant Program which supported projects that 
involved the services of 271 people, including graduate. and 
undergraduate students from seven University of Calif ornia .campuses, 
a state university, a major state university laboratory ^nd at a 
private university. (Author/EB) 
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What 'UC Sea Grant is all about— the program is described for. the 1974 site team by (left to right) t^aynard 
* Cummings, Advisory. Services Coordinator, Robert Twi^s, Coastal Zone Studies Coordinator and J. t. Frautschy 
(extreme right), Program Manager, as Thomas W. Thompson, Fisheries Coordinator, and Herbert W. Frey, 
California Dept. of Fish and Game (left to right In second picture frcfhi right) wait their turn to speak. 
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Senate Bill 755 introduced by State Senator John Stull of San Diego, was passed by the 
legislature and signed into law by Governor Ronald Reagan on October 3, 1973. This statute 
provides state funds in the amount of $500,000 annually for a period of five years to be used as 
matching funds for Sea Grant projects of CallfomiaJnstltutibns of higher education that have 
clearly defined benefit to the people of the State of California. 

While this added financial support of the SeajQrant Progranvis useful, particularly in a year^of 
tight budgets, even more important is the recognition arid acknowledgement by the State of 
California that the program benefits the public. This, of course, isr the state-federal partnership 
that should aid Us and the Office of Sea Qriint in demonstrating the value of Increased federal 
support of California Sed Gran!. . ' * . . 

Beyond these implications of this law. Its implementatioaprovides a welcome opportunity for 
additional regular and mutually beneficial communicalllon tjetvy^een government and the 
academic community. 

flans are progressing to enable our Marine Advisory Service Jo provide more adequate 
geographic coverage of Qalifbrnia's coastal counties by increasing the number of field advisors 
and specialists and to provide a broader spectrum of services, information, and publications. 
This planftjng activity is being carried on in coordination with representativesd'of the University 
of Southenfi'Gatifornia and Humboldt State University, organisations also involved in providing 
Sea Grant marine advisory services m California. ^ 
Although our research efforts focus on wise utilizatio/i of marine resources, projects 
coyer a great diversity of related subjects. There are social and legal studies related to 
coastal zone managenrent, investigation of the aquaculture of various plants and animals, 
experimentation *with new comp^ounds derived from marine organisms. Improvement of 
the marketability of canned tuna by improving canning processes, and development of a 
novel wave-protection system, ^o describe a few. 

The policy of the University of Caiifomia Sed Grant Program is to seek out the most 
qualified research talent and the .best applied, research projects wherever they may exist 
within \M state's Institutions of higher education. This year there were Sea Grant 
projects at seven Ury'versity of Paliforaia campuses, a State University, a major State 
Unlver$lty laboratory and at a private university. JfyB program supported projects that 
involved the services of 27J people, inducing 62*graduate students and t1 undergraduate 
students. , ** . j . . • , ^ 

The formerly separate program of Moss Landing Marine Laboratories (a consortium of. 
six California State, University campuses) has contributed several projects in research, 
education, and advisory services and has now becorrie an important element of the total 
University of Caiifomia Sea Grant College Program. 

This annualreport is intended 'to be a general overvi^ of our total activities. More 
detailed information about any aspect of the program will be on^ request, . 

^ ' ' J. D. Frautschy 

Program IVTanager 
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Half-pound saftwater-reared salmon are released {nto 
San Francisco Bay to Improve fishing. 

ADVISORY SERVICES ' 

The Sea Grant Marine Advisqry Program, part of the Ut Cooperative Extension system, 
expanded its staff with the addition of a statewide seafood technology specialfst and a 
local mdrtne advisory on the rNorth coast. The advisory staff not only seeks and 
transniits information from a variety of sources. to the marine community, but also feeds back 
. problems and opportunities for furtf\er research. 

The energy ''crisis" lessened the number of students visiting the SIO aquarium. The 
project staff responded by continuing the education at the local schools and hospitals 
with displays and programs. To ensure public awareness about the issues involved in the 
Law of the Sea Conference, a special edition of the USD law review, wa^ devoted to the 
topic. . ' * * 




Local volunteersT loicied, and system at {tally ^plac&d 
these tire modules off the Ventur^. County Coast to 
enhance local fisheries. 
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DIRECTORY 
OF SERVICES 
FOR MARINERS 
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Directory of Services 
for Mariners, useful 

^ guide for California 
fishermen and boat-' 

~ ers, was'ton^piled by 
the Sea Grant Marina 
Advisory Program, In 
cooperation with 
PASGAP (Pacific Sea 
Graat Advisory Pro- 
gram,) 



Marine Advisory Programs 



Davis 
A/EA-1 



Maynard W. Cummings 
The Marine Advisory Programs took a variety of routes to dispense Information and 
translate research results-coordinating a project to Introduce salmon for sportsmen Into 
San Francisco Bay, publishing seafood facts for consumers; holding workshops with tax 
insurance, and health tips for fishermen, giving expert councel to processors: and 
helping design a statewide plan to coordinate Sea prant advisory services 



University-wide Marine Advisory Program 
unification became a reality this year and the 
increase in effective delivery of services was 
. evident. The Marine Advisory Program 
Coordinator position became a full-time 
assignment. The Moss Landing Marine 
Laboratories' participation in the Program 
was made possible by reactivation of funding 
for that facility as a component of the UC Sea 
Grant College. 

The active participation of UC Cooperative 
Extension staff in advisory services and the 
t^arine Advisory Program personnel expan- 
sion were significant forces within Marine 
Advisory Programs contributing to its 
acceJeratlon. The maturity of overall program 
guidance within the Sea Grant College and 
inclusion of Advisory Services at the 
planning and directiona] levels' was an 
important influence for program solidarity. 

Marine Advlsoi7 Program staffing strength 
and an awareness of the' needs of the 
commercial fishing industry and related 
handling, processing and- marketing busi- 
nesses brought major attention to focus on 
this large and important social and economic 
segment of California. The assignment of a 
local advisory agent to the block of counties 
north of San FrancHsco Bay fostered a surge 
of activity in that area. ' v 



Support to 

Aroa A^Jvrsor : 

The Marine Resources and Seafood 
Technology Specialists, County Cooperative 
Extension staff, and (ederal and state agency 
personnel supported the Area Advisor iw 
exploratory fishing for sppt prawn and 
investigation into handling and marketing* 
methods for this species. 
. Similar ^.preliminary investigations were 
begun for the tanner crab. 
' Trap fishing for rockflsh was discussed 
«wlth flsherfrien Interested in this approach. 

Fishermen were 'made aware of the 
possibility of using the Scottish seine as a 
means of selectively taking kingfish for the 
San Francisco Chinatown market or other 
little-utilized species in the nearshorearea. 

A'^by-products company and fish process- 
ing plant were encouraged to try to develop 
an economically sound system for conver- 
sion of fish wastes'^to poultry feed. 



Training workshops for fishermen dealt 
with business management, tax computation 
and recordkeeping, capital, construction, 
fishing vessel hull insurance, marine hospi- 
tal services, net mending and gear develop- 
ment, use of Atlantic Western and other 
trawls, and general informational subjects 
such as progress in research and manage- 
ment of crab and other major species. 

Silver salmon 
in the Bay 

A major advisory program effort was 
coordination of an experimental silver 
salmon introduction into San Francisco Bay. 
The National Marine Fisheries Service 
Tiburon Laboratory, California Department of 
Fish and Game, and the Tyee Club of San 
Francisco brought 8,000 juvenile coho 
salmon from the State's Mad River Hatchery 
at Areata to floating pens at Tiburon in San 
Francisco Bay for growth and release as a 
limited sport fishing resource which does 
not now exist. Cooperative Extension 
engineering and fish disease expertise 
contributed to the experiment; the Tyee Club 
furnished $6,000 for pen construction; 
National Marine Fisheries Service main- 
tained the facility and fed the fish, and Fish 
and Game, of course, provided the stock. 
Survival was excellent and growth exceeded 
- -expeetation3-t)ased-on-sfmflarwork-at Puget 
Soilnd, Washington. Proof of the pudding 
will , be next year's angling results by sport 
fishermen in the Bay. 

The Ventura Couoty artificial reef^or sport 
fishing enhancement, established a year ago 
as an advisory project, was carried into a 
second phase by County contract with the 
\Fish and Game Commission and Wildlife 
.^Sonservation Board to expand the reef. The 
County also is preparing a contract with 
Marine Advisory Programs to monitor 
fisherman use and local economic impact of 
this development. 

Reefs^ workshop^ ^ ^ 

for fishermen 

The Marine Resources Special fst prepared 
a 7-V2-minute sllde-tape^presentation of the 
artificial reef project which has been 
requested widely. He and Ventura County's 



Cooperative Extension-assigned marine ad- 
visor exhibited this at the Jnternational 
Artificial Reefs Conference in Houston. He 
also presented it and conducted a reefs 
workshop for sport and commercial fisher- 
men in Humboldt County at The J:eguest of 
their associations, ^^"''"--^ 
The statewicle 4-H Youth programs of the 
University of California were enthusiastic In 
expansion of marine science projects. For 
their use the Marine Resources Specialist 
and Staff Research Associate prepared a 
series of 20 publications, project guides, 
bibliography and informational leaflets." A 
Marine Science C^ference for 4-H Youth 
held in Humboldt County was well attended ; 
reception of this field conference resulted in 
plans for holding them in four locations next 
year%vhich will give basic marine science 
understanding to several hundred young 
people. 

The Marine Advisory Program newslejtter 
audience has grown significantly, reaching 
about 1500 monthly. Incorporation of 
Seafood Technology subject matter is 
responsible for some of this increase, 
particularly among the State's seafood 
processing and handling industry. 

PASGAP post 
at UC 

The UC Marine Advisory Program Coordin- 
ator was selected by the Pacific Sea Grant 
Advisory Program to chair that coalition 
beginning March 1, 1974. PASGAP consists 
of eight universities, the three Sea Grant 
program schools in California plus those in 
Alasl<a, Washington, Oregon, Hawaii, the 
University of Britfsh Columbia and three 
Pacific regions of the National Marine 
Fisheries Service, This affination, an Inde- 
pendent project of Sea Grant, supports local 
marine advisory programs particularly by 
sharing of specialized expertise and coordin- 
ation of publications. 

The UC Advisory Program staff has been 
involved in planning assistance with Nation- 
al Marine Fisheries Service and California 
Fish and Game personnel for presentation of 
the National Fisheries Plan to the fishing 
industry. In other interagency cooperation, 
the reduced budget and restricted advisory 
activity policy of National Marine Fisheries 
Service have not permitted program expan- 
sion. 

By contrast, cooperative relationships 
with California Department of Fish and Game 
in marine science advisory activities have 
grown significantly. There is close working 
rapport and planning for joint .educational 
efforts, particularly >n advisory publications. 



Publications 

for conr^mers ^ 

In other ways the Seafood Technology 
Specialist in a half-year on the job has had 
noticeable impact. Consumer worl<shops on 
seafoods^ held in cooperation with County 
Extensiort offices "aHidv^fieir Foods and 
Nutrition, Consumer Scifehce Specialists 
emphasized familiarization with fish species, 
selection, handling and cool<ing and the u§e 
of exotTfc or underutilized species such as 
sl<ate, squidy rocl<fish, etc. The Seafood 
Technologist also prepared publications on 
"Paralytic Shellfish Poisoning and Red 
T4des," "Catching, Cleaning and Cooking 
Squid," and "Catching and Cooking Crab,'' 
Assistance was given to seafood processors 
in waste disposal ^methodology, quality 
control in seafood processing, special 
processes for new species, use of whitening 
process for fresh rockfish fillets, a coopera- 
tive undertaking with the UCD Department of 
Food science and Technology and its Sea 
Grant research investigators. Contact and 
rapport with the California Seafood industry 
has quickly expanded with the statewide 
activities of both the Seafood Technology 
and Marine Resources Specialists. 

Team approach 
and harmony 

The Moss Landing Marine Laboratories 
and Santa Cruz County Cooperative Exten- 
sion office deserve special mention for their 
effective team approach in presenting marine 
science information to the Monterey Bay 
area. Sea Grant Advisory Programs hiave 
assisted county planners, coastal commis- 
sions, consumer groups, sport and commer- 
cial fishermen, in fact all marine resource 
users. The diver's training and certification^ 



schools, diving access survey, Carmel Bay 
Underwater Park development study, recrea- 
tional diving committee report all were 
strongly visible products of the Moss 
l.anding Marine Laboratories abilities. Their 
research-advisory work with commercial 
fishermen and fishermen's workshops are 
blended with and supported by Cooperative 
Extension and the unified Marine Advisory 
Program programs conducted by the UC 
marine Resources Specialist. The Moss 
Landing Marine Laboratories-University of 
California Marine Advisory Programs effort is 
so completely and effectively merged that it 
functions as one program, which is as it 
should be. 

Committee 

appointed - 
^<^n an effort to approach this harmony of 
'fanning and conduct of statewide advisory 
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services among the three independently 
funded Sea Grant educational institutions In 
the State, the UC Program Leader appointed 
an Advisory Programs Planning Committee 
chaired by the Up Marine Advisory Program 
Coordinator With University of Southern 
California and Humboldt State University 
Marine Advisory Program feeders on. the 
Committee along with University of Califor- 
nia and Moss Landing Marine Laboratories 
representation, there is continuing, input In 



the Committee's preparation of a compre- 
hensive plan for all California advisory 
programs. The goal is to maximize Marine 
Advisory Program effectiveness within fore- 
seeable budget and staff probabilities 
regard less ' of institutional affiliations. A 
suggested statewide plan vvill, be submitted 
by the Committee which has been regularly 
meeting during this report period by the end 
of 1974 calendar year. 



More Effective Delivery ^.nXSl!^ 
Of Sea Grant Advisory Services ^ ^"^^ 

Thomas W. Thompson ' 

The Advisory Services program at Moss Landing is the key to applying the results of 
research in the Monterey Bay Area to ensure that cbdstal planners are prqyided with a 
sound and useful data base in the natural sciences^ 



The activities of the Moss Landing Marine 
Laboratories Sea Grant Advisory Services 
program for 1973-74 may be categorized in 
five broad subject areas. These are: 
fisheries, aquaculture, coastal zone manage- 
ment, public education, ancj administration. 
The work accomplished during the last Sea 
Grant year is discussed in this context! 

Fisheries 
program 

For the first time, during T973-74 the 
Advisory Services program at Moss Landing 
developed a program dealing with fisheries 
resources. In support of this program we 
provided information and diving services for 
the Monterey Seine and Line Fishermen's 
Union. In July, 1973, the Secretary-Treasurer 
of this group came to the Laboratories and to 
the Department of Fish and Game with a 
request for assistance in locating concentra- 
tions of spawning squid. At that time the 
research vessel ALASKA, operated by the 
Department of Fish and Game, was in dry 
dock and unavailable. The Advisory Services 
program was able to' obtain the ST 908 from 
Moss Landing Marine Laboratories and 
executed three research cruises employing 
nightljghts and jigs in southern Monterey 
and Carmel Bays in search of squid schools. 
In September schools began to appear in 
Carmel Bay, but by and large the summer of 
1973 was disastrous for the squid fishec^in 
Monterey. As a result of the failure of the 
fishery and of an expanded demand for squid 



from domestic and international markets, the 
Advisory Services program requested con- 
sideration of a squid research program from 
the Moss Landing and University of 
California Sea Grant College administra- 
tions, which was developed and has ^een 
funded for 1974-75. Moreover, during the 
spring of 1974 approximately 10 dives were 
executed on the squid spawning grounds by 
Advisory Services personnel in order to 
develop a record of egg laying activity in that 
locale. " 



Diving 
expertise 

There are no resident commercial divers in 
the Moss Landing Harbor. Because there is 
an abundance of diving expertise at the 
Laboratories, the Advisory program provided 
service to commercial fishermen in clearing 
nets and line from propellors, replacing pieri 
nuts on propellors, and executing under- 
water surveys* of hullldamage on 15 
occasions. \ 

During January the Laboratories cooper- 
ated with the University of California 
Extension Service and the National Marine 
Fisheries Service in hosting a workshop on 
Federal tax and subsidy programs for 
fishermen. This workshop was attended by 
more than 50 people. 

At the request of* Dr. John Harville, 
Executive Director of the Pacific Marine 
Fisheries Commission, Dr. Thompson parti- 
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ST 90B, on Joan to Moss Landing Marine Laboratories 
from Scrlpps Institution of Oceanography, was 
"Borrowed" by MLML's Advisory Services program to 
hunt/or^quld schools. 



cipated in a three-day workshop on the 
National Fisheries Plan in Portland, Oregon, 
^ in July 1974. The Advisory Services^ program 
at Moss Landing is presently ©Mage^kin 
dissemination of information cohcerfwfg 
this Plan through membership orr ^e 
' California National Fisheries Plan Review 
Committee. 

Aquaculture 
advice 

During 1973-74, for the first time, the Moss 
Lahding program began to provide extensive* 
* sen/Ices to a local aquaculture'^irm (Interna- 
tional Shellfish Enterprises). During 1974 
. , this assistance took the form of searching 
for and obtaining information for the firfti as 
well as putting officers of the company in 
touch with Sea Grant researchers doing work 
on problems of mutual interest. In the Fall of 
1973 the Advisory Secyices program located 
three student employees for the firm, one of 
whom will be executing a the^' research, 
project under the auspices of the Sea Grant 
Advisory Services program and utilizing the , 
facilities at International Shellfish. This 
research program, developed jointly by 
Advisory Services personnel and scientists 
, from International Shellfish, involves heavy 
metal depuration in clams (Tapes sp.). 

Coastal zone 
management 

During "1973-74 the Advisory Services 
program at Moss Landing Marine Labora- 

• tories edited and prepared for publication a 
book dealing wfth the natural resources of 
the Monterey Bay area and the impact of man 
upon those resources. This book, entitled' 

/'Monterey Bay: Natural History and Cultural 



Imprints" will be in print about NovembeM, 
1974 and will be distributed tp local 
government agencies and school libraries. It 
will also be available to the general publfc at 
acpst of $4.50 per copy. 

At the request of the Central Coast Region 
California Coastal Zone Conservation Com- 
rfiission. Dr. Thompson chaired an ad hoc 
committee on diving problems within the 
Monterey/Santa Cruz/San Mateo County 
area. At the request of the Association of, 
Monterey Bay Area Governments, DYs. 
ThompsoxJ gincJ Hurley participated in a 
conferehce designed to develop a list of 
candidates for identification as environmen- 
tally unique lands along the trl-county 
coastline. 

Finally, Dr. Thompson and Ms. Bloom 
conducted a survey of access points for 
recreational divers in the vicinity of the 
proposed Carmel Bay underwater park in 
cooperation with the California Department 
of Parks and Recreation. This survey 
included studies both above and below the 
water's surface. 



X. 



Public 
education 

During January 1974 the Moss Landing 
Marine Advisory program obtained th6 
services of Mrs. Mary Jea^ Bilek, a public 
information specialist from the University of 
Wisconsin, who provided training in the 
preparation of newsletters, nna\terial6 forf 
release to the news m^dia and the editingyfit 
scientific materials for public consumption. 
On the basis of this training, we have been 
able to improve the format of the Moss 
Landing Sea Grant newsletter and subse- 
quently we published three issues ofjhis 
periodical. During the summer of 1974 wg 
updated the mailing list of the publication 
and ^re presently in the process of screening 
recipients of the newsletter on the basis of 
vocation and interest so as to better serve 
their needs. 
Members of the Advisory Services program 
^made presentations to six different private 
'organizations with interests in the^ marine 
environment, participated in the Saratoga 
High Schafi Career Day program, and 
presented altwo-day workshop on oceano- 
gretphy for dfving instructors in cooperation 
with YMCA^and NAUl during July oj 1974, 
This wc\^s$bp was attended by 22 ^people 
who were subsequently asked \6 critique the 
program. Tbe response on the 'evaluation 
sheets was unanimously favorable and has 
Resulted in-a request for further workshops 
forwarded to the Sea Grant administration 
via the State Advisory Committee on Sea 
Grant. 
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On July 5, 1974 the Advisory Services 
program presented an hour-long television 
show dealing with a Moss Larrding Sea Grant 
research program on MPTV. -(Channel- 13 
Monterey), In conjunction wfth this televi- 
sion program we prepared a documentary 
film dealing with a joint Sea Grant-California 
Department of Fish and Game cruise', 
executed during fhfe month of June, 

Internal 
administration 

The Advisory Services program at Moss 
Landing i$ a joint venture with the 
Cooperative Extension Service for Santa 
Cruz, Monterey and San Mateo Counties, 
^ The Extension director for Santa Cruz 
Cou nty, Mr. Ronald Tyl^r, has been 
extremely important in strengthening this 
cpoperative relationship and has played an 
instrumental role in designing the Sea Grant 
Advisory, Services program in the area for 
1974-75. During October 1973, at Mr. Tyler's 
request, the Laboratories conducted a lake 
survey on a large farm r.eservoir just inshore 
from Ano Nuevo Point, The survey indicated 
that the lake had potential for recreational 
fishing, particularly if stocked with, a 



combination of large mouth l)ass, catfish 
and red eared sunfish. A written report wa^ 
prepared for the Cooperative Extension 
Service A^hich described physical and 
chemical. characteristics of the lake, biology 
and hydrography, and suggested manage- 
ment procedures. 

In' addition to cooperating with the 
University of California's Extension Service 
in local affairs, the Advisory Services 
program' at Moss Landing participated as a 
member of the California Marine Advisory 
Program and in the UC Sea Grant Advisory 
Services Planning Committee, which is 
attempting to develop a qoherent statewide 
mechanism for the deffvery of advisory 
services. 

Real ' 
needs 

Finally, it is important to stress that input 
to the Advisory Services program during 
1973-74 resulted in the research programs 
proposed for 1974-75. This guaranteed that 
these research proposals were addressed to 
real needs of user groups in the Monterey 
region. 



Publications and ^^"J;^p«.° 
Public Advisory Services 

James J. Sullivan ... 

In an age of heightened ocean awareness and occasional overdramatlzation of plain facts 
about protecting and utilizing the sea and coast, dn .infomfiation cepter i^ essential in 

documenting, disseminating and encouraging the exchange of research findings and 
jprogress reports from all sources. 



During 1974, we continued publication of 
the bimonthly Sea Grant newsletter (Sea 
Grant U-California), redesigning its format 
and initiating efforts to coordinate the three 
newsletters which are published within the 
UC program. 

Each issue of the newsletter highlights a 
particular project, subject area or campus, 
lists events of interest to researchers and 
notes publications and reprints issuing from 
UCSG research. 

New 
logo 

We designed, edited and supervised 
publication of the 1972-73 Annual Report 
•which featured a new UC Sea Grant logo 



originally introduced pn the newsletter 
masthead. 

The "Oxygen Analysis" Marine Techni- 
cian's Handbook was revised and two more 
chapters on the underwater camera system 
are undergoing editing. 
, An article on the Isaacs/Seymour tethered 
float breakwater was published in the Aprjl, 
1974 issue of the NOAA Quarterly and an 
article on lobsters in the May-June Issue^of 
Oceans magazine discussed reaearch being 
carried out at UC-DavIs and under the .aegis 
of Sari Diego State University. 

Distribution 
transfer 

Responsibility for distril?ution of publica- 



tions and reprints was transferred* to 
UC-Davis but the La Jolla office continued to 
approve, edit, and prepare publications for 
production. 

Two doctoral theses were publishec^ (see 
References at end of Report.) 

The PuWications Office coqperates with 
theSIO Public InformatTon Office, PIO's on 
other campuses, other Sea Grant publica- 



tions offices, the local, stat6 and national 
press and broadcast media m providmg copy 
.and photograph^; arranging mterviews and 
referring questions to the appropriate 
researchers or experts. In its a^Jvisory- 
capacity, the project responds to requests 
from students at all levels for materials on a 
variety of ocean-related topics. • ' 



San^tS^flO LajN Review- 
Law of tne^as Symposium 



Darrell Bratton 



University of 
San Diego 
A/L-1 



While it is impossible to speculate in the impact of the recent debate about laws 
governing the world's oceans, an academic law review has pledged itself as a forum to 
chronicle developments on this crucial international issue. 



The recent United Nations conference on 
Law of the Sea gave rise to a number of 
issues an^j possible solutions that will have 
tremendous legal consequences. Our annual 
symposium edition has provided a leading 
international forum for the discussion of 
developing legal issues. The review's objec- 
tive is to continue to provide a vaJuable 
source for publication of scholarly works on 
law of the sea/ 



Subscribers 
increase 

The Symposium currently has over 2000 
subscribers who rely on the publication for 
information in thi^ often'ignored area. Past 
efforts to increase subscriptions have proven 
most satisfactory and vi/e now foresee our 
efforts resultihg in a subscription list 
substantially in Excess of our current 
circulation. 



Ocean Education 
For the Public 



San Piego 
,A/PE.1 



Donald Wilkie 

A modest project to Increase public appreciation of and respect for the* sea and its creatures 
sparks a consuming interest in thousands of schdolchildren, ree<Juc^tes teachers, and draws 
eager volunteer talent to bear the message— In buckets— to students who are unable to travel. 



The primary purpose of the Aquarium- 
Museum is to increase the public under- 
standing of the ocean sciences and p'ubHc 
awareness of environmental, problejns 
through the museum exhibits, the marine 
aquaria, and the education program. 



Major 
liaison 

The Aquarium-Museum at Scripps has for 
many years served as the major li^aison 
between the oceanographer and the schools 
of the San Di^go area, A fulltime staff. 
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membei; coordinates an expanded education 
program emptiasizing the preservation of 
marine life and development of informed 
elttituctes towar^d living things. Writte^n 
,educatfon programs at different gradejevefs 
enable'teachers to present an oceanography 
unit to their classes. Docents are trained 
volunteers who meet with the classes and 
amplify their knowledge on marine biology. 
J^or schools unable to come to the Aquarium 
due to the busing problem, docents now go 
to the -classfoofn with a slide-illustrated 
lecture. Advisory services to other SQhools, 
institutions, and aquaria are a vital pari of 
our efforts to Increase dissemination of 
'environmentat ainns. A high school worte. 
study ^program has been organized by the 
assistant coordinator to train • prospective 
marine biologists and aquarfologists. 

Many 
students 

During 1973-74, 53,375 students* visited 
the' Aquarium-Museum In registered school 
groups to take part In our education 
program. 
f 




Fifty-one docents, trained volunteers from 
the community, conducted the education 
program for students visiting the Aquarium- 
Museum, with each docent giving one 
morning each week. Tide Pool Conserva- 
tionists are a special group who. patrol our 
intertidal arfefes during tKe low, weekend 
tides to explain conservation measures. -The 
.Outreach Program is the traveling docents 
who visit the schools who cannot get 
transportation to the' Aquarium. Aquarium 
staff members give a yearly training. series of 
lectures and labs for the docents, plus 
morithly meetings for question and answer 
sessions. 

Advisory services are rendered to other 
teachers, schocfte, and clubs to organize 
oceanbjgraphy courses. Last year, the federal 
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Artist's rendering of new Aquarfum tidepool 



program "Upward Bound" for disadvantaged 
youngsters utilized our booi^s, films, st^ff, 
and tanks for six week3, during which time 
on.e students was trained here as an aquarlst 
on a shark research program. Professional 
assistance is g1v3n to other aquaria, such as 
designing new tanks for the Queen Mary in 
Long Beacfi. A cont^inuing project is 
materials for tffe California 4^H Clubs, 
organized by UCnDavIs Exterision. 

Careef , 
program 

Careet experience program was conducted, 
for high school students who plan careers In 
marine- biology or aquariology, A dozen, 
selected students completed laboratory, 
classroom, and field work. Some of these 
students are subsequently hired at the 
Aquarium as apprentice aquarlologists. 

Junior Oceanographers Corps is a monthly 
lecture and field trip organization for fourth 
grade through hl^h school students. Lec- 
tures by Scripps scientists augment an 
"oceanographic cruise, a whale hunt, grunion 
run, plus many other field experiences. 

Summer courses were offered in marme 
ecology for elementary, junior high, and 
senior high school students. These pro- 
grams are self-supporting through fees 
charged to participants. 

Outdoor 
tidepool 

A large, outdoor tidepool will be con- 
structed, with varfable high and low tides, 
displaying local tidepool inhabitants. With 
thia new exhibit, the docents will be able to 
emphasize even more our concern for 
conservation, ecological measures, and the 
preservation of marine life. 



Ocean Engineering 'XfS^r 
Data Center 

*J.'W. Johnson ..' . * . ^ 

An oceanography and ocean englneeitng library at U{>Ber1(eIey*8 Water Resourges Center 
Archives has been reviewed with the aim of bringing it to the attention of possible' users in 
industry, academic circles aVid govemraenf agencies. Two bIbllograDhJc reports have been 
published. • ' . / 

An oceanography and ocean englneeKing 
library Is maintained as a^eparate collectiGni 
at the Water Resources Center "Arctiives, 
University jDfCalifoSrnia, Berkeley! In this Sea 
Grant Project, the collection- was reviewed 
with the aim^of bringing It to the attention of 
^po^siWe users \t\ indusfry, academjc^frcles, 
and governments agencies. With funds 
^provided, two bibliographic reports were 
published:*^ 

Ocean and wQfhc^esources engjne^ring 
reports, College ofthgmeering, Ur}iversity 
""vf Californra, Berkeley, Michael Ponia-' 
towskL Berkeley, University of California^ 
Water. Resources'Center Ar^niVes, May 1973. 
This compilation Mats^ titles in those series 
'related 'to ocean and water resources*- 
engineering which have be,en published in- 
the College Engineering, Universi-ty of 
Californl^i,' Berkeley;^ over the Rpis't 'thirty^ 
yeaJrs. ^ . . 

Ocean er^giheering and oceanography 
tqchnioal literature collection, Wster Re^^ur; , 
ces Center Archives, -Michael. Ponla|owksk 
.Berkeley, Uniyersity of^Callfor/iia, l:iydr#ulic 



Engin^ring. Laboratory, .April 1974. A 
bibliographical listing which catalogs and 
indexes a portion^f the materials on ocean 
, engineering and oceanography housed atjhe 
Water.Resources,Center Archives. 

80,d00-card 
•Index 

The collection, made up of technical 
reports and reprints^ is indexed by approxl- 
mateJy 80,000 cards. These cards were 
reftled, with punch^rilled holes, in standard 
library card catalog . cases. Cards were 
divided into three categories, author, title 
and subject. ' 
; 'Other than the university communrty, 
users of .the collection include engineering 
firms and government agencies. 
, Sea Grant Trainee Ram^fe" ^layor-Mora 
reviewed the collection for niaferlal of 
relevancy, suggesting areas lor collection' 
developmertt and indicating irf the technical 
material thfose titlQs applicable to currer^t 
problems, - ^ * . ' » . 



EDUCATION 

In Hs early yeaTi* ,at 'the University of California, the Sea Grant Pro£fram supported the 
development of an Applied Ocean Science curriculum, a new graduate-levet emphasis In 
physical and biologteal sciences Mo train scientists and engineers to solve applied 
problems In the ocean. The program-wide trainee project continues this style of 
education, while providing graduate students irom a variety pf disciplines with an 
opportunity to undertake independent ' research activities. A practical oceanography 
technician training dourse remains a model for intrcrducing undergraduates to the tasks 
of shipboard re;search. 
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Sea Grant Trainees 



San Oiego 
E/G-2 



J. Frautschy and 
G. Shor 



Graduate students are an integral p^rt of most projects throughout the program, providing 
physical and Intellectual power to advance research while they fulfill degree requirements and 
are paid for their efforts. q 



* tSraduate students are an integral part of 
many Sea Grant projects. Their interest in 
producing meaningful research results to 
be used in pa^rtial satisfaction of their 
degree requirements gives impetus and 
direction to, completmg the projects with 
which they are associated. Reports of 
independent research accomplished by 
these students during the 1973-74 grant 
year are reported under the reports of the 
research projects with which they were 
associated. Their complete reports are 
available from the Sea Grant Publications 
office (see note on inside back cover of this 
report.) 

Education, 

The primary functions of the University 
of California are properly, education ancT 
research. Public servfce is considered to be 
an extremely important auxiliary function. 
The purpose of the Sea Grant Act matches 
closely the purpose of the university, since 
it also calls for education and training, 
research, and public advisory services. A 
major portion of the research of the 
university is carried on as an adjunct of the 
educational process, with graduate stu- 
dents carrying out the actual research 
under /acuity guidance, with the dual^^ 
purpose of performing a significant re-f 
search project and satisfying the educatijtn- 
al requirement of a master's or doctor's 
thesis. Many UC research projects were 
Initiated by graduate ^tudQnts uhder^the 
guidance of the faculty member listed as 
project leader of the research project. Many 
wQre initiated by a faculty jnertiber to carry 
out research in the area of his teaching; 
one or more of his graduate students have 
become involved irr the project, have 
chosen a portion' of it for their own thesis 
work, and will carry the major responsible 

*jty for ijompletion. In, other cases, students 
working on a Sea Grant project are 

. acquiring the' skills* and experience that 
they will need in subsequent years in order 
to prepare and carry out their own thesis 
research. They are, therefore, the hearX of 
the program and are acqliiring their 



education as a primary function while 
performi,ng useful applied research in 
marine resources as a secondary public 
benefit. The students listed as Tramees are 
not ^'bottle-washers" ; where such are 
needed, employes (student or not) for this 
kind of work are listed under the budget of 
the project concerned. 

Earns 

degree ^ 

A Sea Grant Trainee is expected to carry 
out a program of training and research 
leading to a recognized graduate degree. The 
program of work is arranged in consultation 
with a supervising faculty member and 
approved by the teaching department in 
which the studfent is registered. The program 
of research must be one that lies within the 
scope of the University of California Sea 
Grant College Program in order for a 
Traineeship to be awarded to the student. 
This means that, normally, the student will 
carry out a thesis project within one of the 
research projects proposed; in all other 
cases, the project must be approved by the 
National Office of Sea Grant as lying within 
its area of interest. A student maintains 
eligibility for a Traineeship by carrying out 
research diligently and making good pro- 
gress toward completion of a thesis on \f\e 
research topic. 

In 1973-74, there/were 50 Sea Grant 
Trainees assigned tcT 31 projects on eight 
campuses funded by the UC program. They 
were assigned to such diverse research areas 
as shellfish aquaculture, underwater engin- 
eering and underwater recreation, kelp 
resource management, wave motion studies^ 
and coastal planning. 

For example, a Trainee at Moss Landing 
Marine Laboratories helped develop a 
management plan tor the use of Carmel Bay 
as an underwater recreation area. 



Practical Oceahography 
Training ^brOridergraduates 



San Diego 
^ Slate University 
T/G-t 



'GlQfiTimner 



A year's hiatus provides an opportunity to reappraise'thls on-the-job marine technology training 
course, * ' 



Since 1970 San Diego State University, in 
cooperatidn witn the- Scripps institution of 
Oceanography, has offered a one-semest6r 
course in marine technology under the title 
vPractical Oceanography." Students for the 
course have been selected on the basis of 
good academic achievement a'rid sound, 
basic preparatron in thje sciences and 
mathematics. Yhey have received Tirst-hand 
experience with the techniques, rigors, and 
technicardifficulties of conductjng scientific 
work at sea, as wfelf as practical experience 
in a variety, of research projects on shore. 
Withjheir excellent cooperatlort, the pro- 
gram has made effective use of the unique 
capabiliiies of the Scripps Institution staff 
and facilities. 

Because financial support was effectively 
suspended bylhe Offrce.of Sea Grant, we did 



not offer the course dyring the 1973-74 
contract year. A majority of our students 
wori< part-time in order to support their 
education. Thus, we felt that it was 
inadvisable to enroll students in the Course 
without at least some form of wage 
assistance or stipend. We firmly believe that 
a courtse such as this shojjid be open to any 
student who qualifies academically^ irre- 
spective of his financial situation. Attempts 
were m^de to obtain adequate funds from the 
San Diego State University administration to 
provide such wages or stipends. However, 
due to financial constraints no funds were 
available. We plan to offer the course on a 
limited basis during the spring term of 1975 
and are continuing to seek supplernentary 
Statp funds for the program. 



RESEARCH , I 

I 

University of Caiifomta Sea Grant research proceeded along some famiiiar paths and took 
a few new byways. The^November 1972 passage of Proposition 20, an initiative meas.ura to 
prepare a comprehensive.pl^n for the preservation^ restoration and management of Caiifornla*s 
coastal resources by .1976 high-lighted ufgent requirements for diverse factual information on 
the coastal environment as well as requirements for addressing unresolved coastal 2one issues, 
in consequence, projects have been inaugurated In our program to respond to these needs. 
(Many of our investigators in other projects have also contributed advice and information to the 
California Coastal Zone Conservation Cohimission to assist it in its planning effort. 

Aquacuiture research efforts havb continued to concentrate on Homarus americanus, the 
laiige-ciawed american lobster. The pt;ilosophy was adopted that in-depth knowledge of 
the biological, physical and ecbnoiWic problems of a system for cuituring a single 
species should be developed. Prospectively, much of the experience and methodology^ 
and some of the research results on the lobster would be transferrabie to other species 
that might t>ecome the subjects of future investigations. This approach was chosen in 
lieu of less cdmprehensive initial investigations of a number of species, some of which 
may ultimately become more attractive candidates for commercial production than the 
iobsler. 

Two general categories of marine products ^ere the subjects of investigation. Food 
technologists explored retention of attractive color and taste characteristics in canned 
tuna to improve customer acc^^ance and an attempt was made to gain a baeic 
understanding of the materials ^nd processes involved in the production of ''fish sauce". 
Other chemists explored natutfil' ''chemical warfare" in an attempt to Identify useful 
antibiotics and compounds to control barnacles and other fouling organisms in an 
environmentally acceptable way. 

Two ocean engineering projects focused on development of an innovative wave protection 
system designed to sap unwanted energy from waves and another system to extract 
useful energy from a wave field. Another pair ot studies demonstrated engineering use of 
an unmanned submersible operated at depths beyond those accessible to divers and 
under conditions when and wh^re use of a manned submersible would be imprudent. 
Special instrumentation and methods were developed for In situ measurement of physical 
properties of the sea floor. 
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COASTAL ZONE STUDIES 

The long ocean boundary of California Is now seen as a uniquely valuable resource, 
more susceptible to injury than Its rugged 'Mast frontier" image suggested In the past. 
But a dedication to preserving the environment, as voiced by the public in approving the 
Coastal initiative, would be ineffectual and unreailstlcaliy emotional without scientific 
facts and data to indicate how and where^hgman use and development can and should 
proceed,. How, in fact, can the ' recreation diver, the builder, the beachgoer, the 
fisherman, the conservationist, and wild plants and animals coexist? What are the 
reallsttc opportunities for restoration? How should the coast and Its resources be 
managed, who should make the decisions, how should those decisions be enforced, and 
how much exploitation can the coastal zone bear - perhaps more than e;(pected. If the 
exploitation Is Intelligently based on knowledge. 
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Organizational Arrangements 
For Coastal Management 



Berkeley 
R/SP-1 



ECigene Lee and , 

Stanley Scott • * ^ ^ 

An analysis of governmental alternatives for the future management of California's coastline is 
considered by the Coastal Commission to be a "landmark statement in an area of research .that 
has . . . received insufficient attention." 



The work has been pursued in two phases 
that have proceeded simultaneously. The 
first phase consisted pf an in-depth 
interview, policy analysis and writing effort 
devoted to the experience and future of the 
California;Coastal Zone Conservation Com- 
missions, the six regional commissions, and 
related governments. This work enabled us 
to act as consultants \X) the California 
Coastal Commission staff during the year, 
and to prepare two successive drafts of a 
report entitled '^Governing California's 
Coast," both of whiqh were submitted to and 
used by Coastal Commission staff in 
preparation of the planning efement on 
government, powers arfd finance. 

In-house 
document 

The first draft, <iated May 15, 1974 was 
used principally as an in-house document, 
and also circulated to a substantiafnumber 
of readers fqr critical commentary. The 
second draft, dated September 20, 1974, 'has 
been rather widely distributed by the Coastal 
Commission in order to stimulate thinking 
and discussion of the issues posed by 
coastal planning and coastalt governance. 
Preparation of the third draft will begin 
shortly. Publication is contemplated either ' 
by the Coastal Commission, or by the 
Institute of Governmental Studies, or jointly 
by the two. 

The second phase of the work has 
collected information about coastal planning 
and -land use control, in the other coastal 
states, plus* a few additional ones * with 
interesting experience in land use control or 
wetlands regulati6n. We have prepared drafts 
giving a fair amount of detail in the case of 
eight States whose experience was deemed 
most important. These drafts are now being 
reviewed by otiservers in* the states con- 
cerned. Shorter drafts have been prepared in 
the case of seven other states ; there are also 
being circulated for Review by knowledgeable 
observers. In addition, we are preparing 
Shorter ^sketches of the coastal or land use 
regulation experience in a third groupr of nine 
states. This work is only partially complete, 
and is now actively in progress. 



Useful 
briefing 

When complete, we believe this state-by- 
state review will provide a useful briefing 
document for the Executive Director -and 
other staff of the California Coastal 
Commission, who requested it. Although our 
plans are not yet firm, the material will 
probably also be published by the Institute of 
Governmental Studies, because it fnay hold a 
good deal of interest for other states. 

In addition to interviewing and consulting 
efforts, we have produced the following 
tangible but not yet finally published 
resuJts: /Stanley Scott, **Governing Califor- 
nia's Coast," first draft. May 15, 1974, 80pp, ; 
Stanley Scott, "Governing Calitprnia's 
Coast," second draft, September 20^ 1974, 
variously paged, but t6talling approximately 
150pp, with one chapter to come; state-by- 
state drafts on 15 states, as follows: 
variously paged drafts of approximately 
10-16 pages for each of eight states, 
pi'epared principally by^ Zbe Baird, with 
assistance from Chuck Lewis, bibliographers 
(Delaware, Florida, Maine, Massachusetts, 
•Minnesota, Oregon, Vermont, Washington), 
variousiy paged drafts of approximately 5-6 
pages each for seven states, prepared by 
Zoe Baird and Chuck Lewis (Hawaii, New 
Jersey, New York, Maryland, Colorado, 
Louisana, Rhode Island). 

Tliird 

draft — ' 

Still-to-come are the third and final draft of 
"Governing California's Coast" and short 
drafts on the coastal and land-use planning 
experience of nine states (Alaska, Texas, 
Mississippi, Alabama, Georgia, South Carol- 
ina, North Carolina, Vir-ginia, Connecticut), 

The work begun and largely finished using 
principally Sea Grant funding is being 
continued and will be brought to a 
completion using Coastal Commission fund- 
ing, plus funds and services provided by the 
InStitute^of Governmental Studies. 
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Development and Assessment 

Of Legally Permissible 

Methods for Coastal Management 

Ira M, Heyman 

A study at Berkeley of legal methods for managing the California coastal region iceeps pace 
with the California Coastal Zone Conservation Commission as it moves toward development of 
a master plan. Major new cases of relevance suggest that the scope of permissible regulations 
is broader than originally estimated. 



This study has provided assistance to the 
Coastal Commission by conceptualizing and 
setting forth for consideration innovative and 
legally permissible methods of implemen- 
ting the plans anfl planning processes that 
have been emerging from the regional and 
state coastal zone commissions., by assur- 
ing that the plans are drawn against the 
framework of such means of implementa- 
tion; and by deviling ways for integrating 
the plans and irhplementing efforts of the 
regional and state commissions. 

During the academic year 1973-1974, the 
principal investigator with a trainee who 
began efforts in December, held a series of 
meetings with Coastal Zone Commission 
staff and each of the Regional Commission 
Executive Directors, at which five areas were 
identified for research: (1) forms for 
transfen-ing development rights; (2) property 
tax problems, including tax equalization 
methods among affected local governments, 
(3) forms and costs of public acquisition of 
selected areas .on the coast; (4) forms of 
regulatory control and their relationship to 
the ways the plan will set. forth desired ends; 
(5) means for utilizing special district powers 
to implement plan objectives. 

The Trainee during the course of the spring 
completed lengthy drafts of memoranda 
exploring topics (1) and (3) as well as a 
separate memorandum relevant to topic (4) 
which brought up-to-date a monograph 
prepared by the principal investigator seven 
years previously for the San Francisco Bay 



Conservatipn and Development Commission 
on the extent to which regulatory power can 
be used to implement restrictions and 
prohibitions on development likely to be 
.determined to be useful by the Coastal Zone 
Commission, There had been major new 
cases of relevance since that memorandum 
was prepared which suggested that the 
scope of permissible regulation is broader 
than it then appeared. 

The principal investigator became the Vice 
Chancellor of the Berkeley Campus in early 
-summer and had to cease his S§a Grant 
work. The memorandum updating the BCDC 
monograph was used by Professor Bowden 
of UC-Santa Cruz who took over that topic 
and prepared a final report for the CZCC on 
the contemporary extent of the regulatory 
power. 

A lengthy draft memorandum on the 
relationship of the emerging CZCC plan and 
the means, of implementing it— including 
permit processes, subject matters of cover- 
age, the extent to which ultimate develop- 
ment choices should be delayed for later 
decision and means for doing this— was 
prepared for the CZCC by the principal 
investigator in the late spring. That memor- 
andum was circulated by CZCC staff and was 
useful in crystallizing a variety of decisions 
contained in Part III of the Preliminary 
Coastal Plan. A final version of that 
memorandum will be prepared for publica- 
tion during the summer of 1975. 



A Framework for identification and Controi 
Of Resource Degradation and Confiict 
In the Multiple Use of the Coastal Zone 



Berkeley 
R/CZ-1 



Robert H. Twiss, 
T. G. bickert and 
Jens Sorensen 



In order to consummate recommendations for coastal zone planning, decision-makers must 
receive a staggering and seemingly unending supply of statistics, studies and reports on tested 
and proposed procedures for development. The Berkeley team has compiled bibliographies, 
reviewed elements in the state's master plan, and inspired the U.S. Geological Survey to plan to 
utilize an approach similar to the Impact Identification networks developed under Sea Grant. 



For review purposes our work program of 
1973-1974 can be divided into six areas of 
activity. ThQ firstyfive activities were 
designed both to provide direct assistance to 
the California Coastal Zone Conservation, 
Commission <CCZCC) arid to develop 
methods applicable to other states engaged 
in coastal zone management programs. 

cozoo 

involvement 

Our involvement with the CCZCC dates 
from shortly after the organization of their 
pla^nning staff in February 1973. We have 
dealt primarily with the state level commis- 
sion staff. 

Sea Grant trainee, Charles Schwarz, 
researched literature on anadromous fisher- 
ies, coastal soils, coastal floocling, and the 
relationship between beaches and sediments 
derived from coastal .watersheds. Reports 
prepared on these topics were directly 
Incorporated into the Commission's plan 
element on Coastal land Environment (the 
coastal plan has been divided into eleven 
component parts or "elements"). A literature 
search was also conducted on unconvention- 
al sources of energy, (wind, geothermal, 
solar, tidal) for the plan's elemewt on energy. 

Preliminary drafts of coastal plan elements 
were reviewed and comments given to the 
Commissiorv staff. Particular attention was 
given to the elements on: Appearance and 
Design, Marine Environment, Coastal land 
environment, and Recreation. 

Our research library on -coastal zone 
management and planning, developed during 
the last two years, has been expanded by 
approximately 800 documents and 1,150 
citations for a total of approximately 2,200 
documents and 2,700 citations. The library 
has been used by the staff of the coastal 
commission, conservation groups, and 
students. The second edition of the coastal 
zone management bibliography is being 



prepared from the citations in the library plus 
relevant citations in the libraries of the Pell 
Marine Station (Sea Grant Depository), U.S. 
Office of Coastal Zone Management, Florida 
Coastal Co-ordinating Council, and Scripps 
Institution of Oceanography. * 

Analyzing ' ' j 

scenic resources . : / 

A method for analyzing the scenic 
resources was d^eloped for the Appearance 
and Design element of the coastal plan. The 
staff of the Commission has indicated that 
this method'^will be used by the Commission 
to identify. Inventory, and evaluate the lands 
visible from the coastal highway. 

The research team has concentrated its 
efforts in the "intensity of development" 
element. The objective of this element is to 
determine the type and intensity of develop- 
ment that will be permitted to locate within 
the coastal zone management area. A brief 
paper we have prepared outlines a process 
that the coastal commissions may use to 
develop area-wide plans. The process 
provides both a means for controlling the 
cumulative impacf^^ of development and a 
framework for .coordinating the Coastal 
Commission's policies with the planning and 
management activities of local government, 
regional organizations and state agencies. 

Impa'ct 
identification 

The environmental impact identification 
networks developed during the previous 
three years of research were reviewed and 
tested by the U.S. Ge^ogical Survey (RALI 
Program) for application to the preparation 
and review of impact statements as 
mandated by the National Environmental 
Policy Act of 1969. The Geological Survey 
envisions using an approach similar to the 
impact identification networks developed by 
Sea Qrant research. 
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Design of a Computer Automated Map— ^^b/Sb 
intersection iVIetiiodology for Project Review, 
Plan Development and Policy Testing 
In the Coastal Zone 

James E. Pepper 

A shift in emphasis, both in the statewide resource use debate and within UC-Berkeley's 
coastal zone study, led the way for this map-intersection information project to develop a set of 
resource/impacf interrelationships for testing and evaluation of Its computerized system. 

testing and evaluating the system, namely: 
second home development, recreation (both 
shoreline and upland); coastal agriculture; 
' and scenic preservation. 

Shift in \ * 

emphasis \ 

A shift in emphasis within the UC Berkeley 
Sea Grant Project R/CZ-1 also affected the 
development of this project. As the Berkeley, 
group moved to policy/esearch in support of 
the State Coastal Zone^ Commission agenda, 
the linkage between the two projects was 
removed. As such tfre map-intersection 
project requires independent development of 
resource/ impact interrelattonships prior to 
testing and evaluation of the ^stem. 

Although these changes Have required a 
significant research adjustrrrent, a substan- 
tial data bank and spftware^library has been 
developed for tlemonstratii^g methodology. 
Software programs jnclud^^: spatial and 
quantitative data verificatiorj; topographic 
analysis; path sequential visual analysis; 
modification and updating of data files; and 
a series of evaluation/ intersectionjoutinesi 



ThTs pilot project was designed to develop 
and test the application of a computerized 
map-intersection Information system to 
coastal zone planning and management. A 
28-square-mile study area was selected on 
the Santa Cruz County north coast on the 
basis of the high likelihood of major resource 
use conflicts occurring in that area. A 
computerized geographic data bank was 
constructed (12,450 1 .435 acre cells) contain- , 
ing the following variables for each cell: 
elevation; slope; aspect; vegetation type; , 
watershed; land use; road network (Includ- 
Irig dominant road direction for Highway 1); 
laind ownership; and fou^ state park land 
acquisition alternatives. 

Existing 
data 

A survey and compilation of existing 
mapped data indicated that available data 
was of highly variable quality and that data 
on soils and geology was too general for 
application to^the system. Thus the 
reconnaissance and construction of the data 
bank was initially limited by both the 
availability and quality of data. 

Two additional unforeseen events signifi- 
cantly altered the immediate utility of the 
project. First, the major resource use 
conflict issues (/.e., urbanization, residential 
development) identified in the study area 
became dormant as the strong development 
pressures (present at the start of the project) 
were effectively removed through a combina- 
tion of local and state polfiics. Second, the 
proposed acquisition 9f north coast lands for 
a State Park has further altered the resource 
conflict issues upor^ which the project was 
initially based. 

These two shifts required the formulation 
of hypothetical issues in testing the utility of 
the system. Four such |esource-use con- 
flicts have been identified for purposes of 



Completion of 

project ' J / 

Completion of the project is anticipated by 
June, 1975, with publication of two research 
^papers; Procedures for the Development oY^a 
Computer-Aujomated Geographic Inform^ 
tion System for Coastal Zone Planning ana\ 
Management, and a paper on the application ^ 
of a computer-automated information sys- 
tem to resolution of resource-use conflicts in 
the coastal zone. Draft sections of both 
publications are complete. Finaliy, having 
made appropriate adjustments to the chang- 
ing research context, the project is progress- 
ing toward the objectives and goals set forth 
in the proposal and project summa^. 



^ Monitorjng of PpHutfon Parameters 
In San Francisco Bay 

" Pat Wilde ' . , ^ 



Berkeley 
R/C2>>2 



Though most formal work had been completed, a Trainee continued to develojS a seawater 
analysis method to monHorpollution parameters in San Francisco Bay.. * « 

Our objective is to deyelCp a sea' water rate, field at a constant! temperature, and 



analysi^jnethod which will give continuous^ 
in sitUy measurements of som^ potentially 
dangerous trace ,olements in both cojnplex 
and ionic form. These elements include lead, 
mercury, zinc, cadmium, copper, chromium, 
and bismuth. Electrodes measuring these 
ele.ments and their complexes wiH be 
designed for eventjual use in the Berkejey 
towed environmental monitor: 

The method, anodic stripping voltametry 
(ASV) has several advantages over present 
laboratory analytical methods (Ellis, 1973, p. 
1731), the prime ones being. 1) sensitivity -k. 
trace elements with a concentration as low 
as 1.0 X 10.'^ rholar have been detected; 2) 
simplicity - once the ASf system is working 
properly, measurements can be made 
quickly (five minutes) and easily, 3) specie* 
characterization - the types of species, free 
or in complex form can be measured. 

Controlled 
conditions 

Because of the sensitivity of ASV it Is 
necessary to do the analysis under con- 
trolled conditions in order to eliminate the 
"noise" caused by residual and polarizing 
currents. The solution is stirred at a constant 



nitrogen is bubbled into the analy^jing cell. 
At iirst we felt that these controls would be 
impractical for in^ situ measurements and 
experiments were performed wijhout^them, 
but the "noise" levefWas so htgh that it was 
difficult to make qtjaatitative measurements,^ 
^ We are nqw using \h$ necessary controls* 
^n thejiaboratory and are Analyzing solutions 
with varying, concentrations of copper, le^d 
and mercury (Perone, 1965, p. 9>,'We will 
expand the laboratory analysis to the other 
trace elements and will adapt ASV for in situ 
marine analysis. Some of {he laboratory 
controls will be eliminated so the equipment 
will be more practical for shipboard use. A 
series of electrodes ^ill be developed, each 
one timed for a different element, and these 
electrodes will give continuous measure- 
ments for the group of trace elements. 
Concentration gradients can be determined 
and a contirwus monitoring program can be 
established to see if concentration levels 
reach dangerous limits. A sampling cell with 
pumps is befng developed, and the practical- 
ity of adapting derivative, pulse, and AC 
polygraphy for in situ, continuous, ASV 
measurements is being investigated. 
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Legah Technique^ 

For Marine Resources Management 

Gerald D. Bbwden * 

What use is a noble Idea if the public can't he convinced to implement it? There is the potent 
force of public pressure through consensus but le^al schofdrs suggest implementing the 
coastal plan through regulation acquisition and tax incentives. 



For nearly two years the California Coastal 
Zone Conservation Commission has been 
embarked oh a coastal planning effort which 
is unprecedented in American history. One 
of the most difficult problems facing the 
Commission is how to carry out the plan 
* once it is adopted by the Legislature. This is 
at once a legal and a political problem. The 
task of this res^rch effort was to separate 
the legal from me political, problem and to 
expFain the various legal devices available for 



carrying out any plan that may emerge from 
.the political process. 

The best way to control any fdrm of human 
conduct is through public pressure resulting 
from a wijdely shared public consensus. But 
sihce thejegal process is incapable, acting 
alone, of using this potent forCe.ohe must 
consider less powerful methods. These are 
public regulation, acquisition, and tax 
incentives. 

In the course of this /esearch project three 
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papers were written explaining eadh of these 
legal tools, their strengths, limitations; and 
possible uses in coastal plan Implementa- 
tion. /These' papers will be used by the 
Commission in several ways. First, they will 
be used' to devise aa Implementation 
component of their plan. Second, they will 
be used to educate public officials who must 



be consulted in the planning process. Third, 
they will be used to edup^te the public 
wh05j9 support will be needed* when the 
coastal plan reaches the Legislati/re. 

To serve,, these purposes 'the Coastal 
Commission expects to publish these three 
reports separately and to distribute them 
widely. 
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Recreational Resources 

Of Los Angeles County ICoast 

Glen if, Egstrom 



Los Angeles 
R/C2-13 



The vulnerabiiity of underwater resources need not discourage the careful recreation diver nor 
preclude coastal development A map of the nearshore^worid beneath the sea showing seasonal 
variations In topography and marine life will guide L»A. Countxplanners and users. 



For the year 1973-74 J was designated supervisor for 
the UCLA Sea Grant program by Dr. Glen Egstrom, In 
this capacity It was my responsibility to see that alf 
facets of the program were coordinated In an integrated 
* and cohesive manner toward the desired end. These 
facets Invaded interagency cooperative efforts^ 
volunteer diver training. Sea Grant diver training, diver 
supervision^ protocor modification^ deployment of 

The- Los Angeles County Coastline is 
presently undergoing radical changes jas a 
result of land development and increased 
industrial activity. These chefnges h?ive ha^ 
the effect. Inadvertently,. of greatly reducing 
the avallabilfty of Inshore waters and 
beaches to the recreational ptrt)llc. In an 
effort to QMarantee adequate public beaches, 
the Los Angeles County Department of 
Beaches and its Advisory Committee have 
begun to establish priorities for the 
acquisition and deveFopment of an Increas- 
^ Ing number of public accessways and park 
areas. It Is obvious that this coastal planning 
effort Interfaces with a number of public and 
^ private agencies who -represent a variety of 
'vested Interests. These interests are, at 
times, in conflict. Also, It is often difficult 
objectively to assess the^ value of beach 
locations due to the l^ck of Information 
concerning beach conditions and the under- 
water milieu. This Information— factual 
Information that describes the resource— is 
essential to the development of the broad 
insight needed for succes%TUl effective 
planning. 

Resource 
inventory 

The Sea Grant-supported Los Angeles 
County Underwater Recreational Resource 



personnel, data collectioQ and ftnai project report 
format design, subject'to the approval of. Dr. Egstrom. 

I was directly responsible for the depth /distance 
correlates. I also trained other personnel tn procedures 
necessary for making the maps In the report. 

pary Covington 
Soa Grant Trainee 

Inventory took place from September, 1972 , 
to September, 1.974, The purpose of the 
study was to determine the present state of 
the topographic and ecologic underwater 
resource along the, 76-V4 miles of. Los » 
Angeles County coastline. 

TWs resource Is valuable to a -rapidly 
enlarging segment of the recreational public. . 
Underwater resource enthusiasts are some- 
what difficult to Identify by number because 
so many agencies train and certify them. In 
order to provide some insight, consider the ' 
1970-1974 growth rate in one of. the largest 
national certifying agencies: 



Year 
70 

71 * 
72 
73 

74 (1st 3 quarters) 



Number of 
New Certified Divers 

34,600 
' 53,700- 
•B6.800 
82,800 
58,000 



Southern California ac^DUnts for a signifi- 
cant portion of theseyhumbers. It has been 
estimated that there ^re over a quarter of a 
million 3kin and scubahdivers In the greater 
Los Angeles area. These divers participate In 
sightseeing, hunting (for game and shells), 
underwater photography, wreck diving, and 
similar activities. 



The survey was a joint project that imvolved 
the Los Angeles County Department of 
Beachea, the Los Angeles County Engineers 
Office, and th^ DCLA .Sea Grant survey 
projqct. Additional assistance was provided 
by the Los Angeles County Departnnent of 
Parks and recreation, the Los Angeles 
County Sanitation -District Office, California' 
Fish and Game, Southern California Coastal^ 
Water Research Project, the Cpmmerciar. 
Diving Center, and. the Leonard Greenstone 
Company whose vessels and equipment 
were donated for use dn the project. 

Data , ^ / " • ' 

scarce . 

An initial survey of literature revealed that 
very little data was available on the nearshore 
environment and its current state. We 
decided, therefore, ta ^run a series of 
transects to- a deplh of 60* or a distance of 
1500 feet seaward and at 500' interval^, in the 
high priority areas of the coastHne. These 
transepts were to concentrate on the 
diversity of topographic (and ecologic 
phenomefnon. The transepts were accom- 
plished by diver teams forking from the 
beach, following preordained compass cour- 
ses, .or by videotape* recording or photogra- 
phy, working from vessels off-shore. Video- 
tape regp^dings and fathometer profiles were 
only^Vecondary techniques due to the 
dffficulty encountered when using them in 
kefp" or heavy surge. Their use in deeper 
water was very effectij^e when operating from 
a stable platform such as the Piedra Verde, a 
60* work barge that was used to run many of 
the transects when beach access was 
impractical. 

Maps 
obtained 

Large and small scale maps of the County 
Coastline were obtained, and a detailed 
aerial photographic map of the area was 
made available by the County Engineers 
office. These docucnents and the available 
literature aided in the establishment of the 
project priorities. High priority was assigned 
to those areas where new accessways and 
park? were most -imminent, secondary 
priority to areas not currently accessable, 
and last priority to fh.e well-established 
public beaches in the sand flats of the 
central Santa Monica bay. A total of 308 
transects were completed, on the 34 beaches 
that were dived (out of the 43 beaches that 
are included in the area surveyed). 

The objectives of the survey were as 
follows: to examine the accessibility and 
suitability of certain existent or potential 
recreational areas along the coastline; to 



qualitatively and quantitatively assess the 
environmental factors that are of interest ^to 
the recreational public; to establish a, 
baseline for later comparative studies related 
to the effect of recreational activities upon 
these areas. 

Research 

syllabus . . 

A Sea Grant research syllabus was 
prepared to cover the data gathering process, 
safety procedures, and the use of special 
equipment and techniques. This document 
was distributed to our divers at training 
seminars, along with coptes of the Research 
^ Divers Manual by Somer^ and the Guide to 
\ the Coastal Marine Fishes of CalfTomia. by 
Miller and Lea. Data boarcte with special 
waterproof forms were developed so that 
\ permanent records could ^be made - with 
\ ballpoint pressurized pens. Following' the 
^preliminary training period the teams 

Eorked, conditions permitting, for approxi- 
ately twenty months. It should! t>e noted 
lat January through February of 1973 was 
virtually undiveable, with fifty-seven days 
judged to be ^unworkable In our x^oastal 
waters., It is remarkable that in two years 
diving activity involving approximately 2000' 
hours of diving, no emerjgemcy situations wer 
encountered. Dives were conducted accord- 
ing to the University of* California at Los 
Angeles and/or the Los Angeles County 
Department of Beacfees Recovery Unit 
. regulations, dependlrtg'upon the areas ^nd 
personnel Involved. 

Points of ^ , 
Interest ' ^ * • 

The locatlcins of points, of interest along 
the transect were determined In reference to 
depth, station, and beach. These included 
such things as different bottom reck 
formations, plants, ahlmals and general 
bottom configurations. Data was adjusted to 
mean sea level. Line surveys conducted by 
the Los Angeles County Engineers (1967, 
1969, 1972) were referenced in order to obtain 
depth curves for the ocean bottom In the area 
surveyed from' Sequit Point to Tendance, 
exclCiding sections of Escondldo and Amaril- 
lo Beach. Depth profiles from Malaga Cove 
to Cabrlllo were obtained from USGS maps 
(1963). 

Two-year 
effort 

This report' fs the product of a two-year 
research effort (involving over 1000 individual 
dives and 308 detailed transects) conducted 
to determine ^he uhde^ater recreatiorral ^ 
resources of the Los Angeles County' 
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coasUine. The detailed topographic and 
biologic profile that is presented here 
Includes not only the physicaf data, but also 
an evaluation of each'areaas to its suitability 
for recreational development. 
For purposes pi simplifidation, the Los 
' Angeles County beaches discussed in this 
section will be referred 'to ^ north' (Led 
Carritlo to Topariga Canyon), central (Top&n- 
ga Canyon to Redondo) and south (Redondo 
to Cabrillo Beach), ^ 
- The northern region, with its l<elp forests 
(generally in the 20-30* depths) Is quite well 
suited for underwater fecreattpnal pursuits* 
Abundant biota and relatively clear water, 

' especially over the reefs, combine to offer 
recreationists a wide choice of activities. 
This rich area, however, though legally 

^public at the mean high tideline and 
seaward, is seldom utilized by the public. 
Ttje m^in reason for this disuse is 
inaccessibflity; the. beach \s blocl^ed from 
the ^fighway via private property, with very 
few public accessways.' 
* The' central' section is generally a wide, 
heavily utilized sand beach. This area has 
much less'to offer the underwater recreation* 
ist^ Plants' and anirnals are rarely encoun- 
tered here, except occastonally in the depth 
range of 25-35' where the remnants of an old^ " 
shoreline can be -seen in the form of a low 
profile cobbled reef. The seasonal sand 
transport op and off the beach and down the 
coast keep this area relatively barren. 

Abund^ce of 
plants and anirhals 

'The southern section (sy-ound the Palos 
. Verde F%nnin§ula) is generally abundant with 
plants and. animals. Although less lush than 
the northern area, thts headland contains a 
fasfcirjating mixture of intricate topography 
with caves, large underwater rock formations 
and relatively steep drop^offs at the bas6 of 
most of the points where they protrucje from 
the bjBach. the coves between these points 
are fairly well' aanded-in, but the rocks 
underneath, provide a stable base for a large 
variety of red and brown algae and sea 
grasses. Access to fhese * beaches is 
extremely difficult \p most areas. The trails 
' are either opntrolled by private property or 
are very steep ^nd dangerous. 

It is apparent that the prime resourcesVor 
underwate/ recreaUon are located at* the 
extreme ends of ""the county in generally 
inaccessible (to the land-based recreationist) 
areas. Ironically, it Is noUunlikely that this 
inaccessibility has contributed vo the 
preservation of the^ biota in these areas. 
Further evidepce of the exclusivity of these 
coastal areas can be found in a 1974 study of 



recreation that was conducted by the South 
Coast Regional CommiBsion. The series of 
findings and policies, which were subse- 
quently published, identified lack of public 
access as a major limiting factor to the use 
of the coastline. 

Points to . 
consider 

As plans for increasing the recreational 
usage. of the coastUne are implemented, it 
appears that the following point% might be' 
considered: There is today a lengthy and 
bountiful underwater recreation resource 
along the l-os Angeles County coastline. The 
areas which contain.the bulk of this resource; 
are currently linrtited in ferms of accessibil- 
ity. Increasing the public access --would 
assuredly create an environmental impact 
that cannot, at.this time, be calculated* 
- In* keeping with this unknown erivirtDn- 
mental impact, it would be opportune to 
develop a resource management and conser- 
vation program whicti would sen^e several 
purposes^ to establish biobgic preserves In 
the northern and southern sectors, "look, 
.don't touch" areas, to be utilized as a 
perpetual baseline for the ecological evalua- 
tion of the inrfpact of underwater recreation 
on our resource;, to provide a systematic 
plan for limiting predation in other sectors of 
ttie coastline, where Jthe extensive concentra- 
tidn' of the areas of biologic abundance 
appear to offer the possibility of rotating 
additional "lo6k, don't touch" areas on some 
long-term basis; to provide for reforestation 
and repopulation of the plants and anirnals 
that are known to thrive in our nearshbre 
waters, for example, abalone shells found on 
cobbled and broken reef areas along with 
remnants of kelp hdldfasts throughout most , 
of the coastlines at depths ranging from 
30-50', reminders of the days before the 
deterioration of the bay as a suitable habitat 
offer hope that, rehabilitation may be 
possible in at least som*e locations; to 
provide for the improvement of water quality 
in the bay, an effort fundamental to any 
effective conservation and management 
effort* 

Ed.ucating * * - * 

the public 

The recreational pCfblic nriust be educated 
to recognize the fragila nature of the 
resource. It is unlikely ttiat any regulatory 
enforcement program could be effective, 
considering the extent of, the coa3tline. This 
edjucational program must focus upon the 
individual's res'^ponsibility to protect the 
environment against practices which would 
result in the destruction of the resources. 



^ The areas which appear to* have good 
po'tentf^ as preserves are thd San Nicholas 
Canyon area In the horttt and the entire 
Portuguese Cove area In t'he'south. Both of 
these areas have highly controllable access- 
arid are-^ presently well* populated with 
diversified bio*ta. - 



-Monograph " " . . 
pubHshecL ! ^* 

A 285-page monograph was published 
which provides a detailed description of the 
work which was accomplished. -This, docu- 
ment describes the approach used in the 
research and provides topographic ^and 
biologic data oh each of the 308 tran3ects 
which we(« studied.. . - " ' . 



An Experimental S.tudy * . , * g7cz'?5 

Of the Torriales Bay "Sneaker Wave'/* 

Hugo B. Fischer ... ' " 

A ''sneaker wave", which may npt deseive Its tenible reputation/ has nonetheless caused 
fatatifies at the mouth of Tonialds pay. After studies In the field and In a tidal model, questions 
about Its nature renraln unanswered. / 
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The purpose of this project was to study 
three possible causes of thQ "speaker wave'' 
whicH has been responsible for ainumber of 
•,<atallties at the mouth of.Tomales Bay. The 
causes proposed were ceflection anjl refrac- 
tion of ocean swell, formation of a tidal bore, 
and formation of antidunes. The study was 
to^be primarily by means of a^tidal model, 
supplemeTited by as many field observations ' 
as possible* within the limited resources of^ 
the project. , 

Not a 
tidal bore 

, We have doncluded that the "sneaker 
^wave'* is not a tV^I bofe in the usual sense, 
nor is it caused by antidunes. The second , 
conclusion is based 6n lack of observation of 
antidunes at times when they should h^ve 
occurred, /.e., when the flow was clearly, 
critical. It remains possible, however, thaj. 
sometimes the sand supply is sufficient to' 
permit the form&tion of antidunes", and 
sometimes not. It Kaiso possible that there 
is no ''^sneaker wav6", only inexperienced or 
careless boafers caught in obviously danger- 
ous conditions. "We have seen conditions in 
which the sea seemed remarkably calm and 
safe, and then critical flow and breakers on 
the bar formed within a space of 10 or 15 
minutes. We have observed a small boat have 
engine problems at the moyth of the bay and 
be carried almost to the breakers by the tidal 
outrush, befpr6 tl^e engine was restarted. It 
is clear that the tidal velocities at the mouth 
are deceptively high, that waves associated 
with critical flow ttah form suddenly, and the 
sea swell breaks over the bar in a sometimes'" 



erratic fashion. Perhaps these dangers alone 
can account for the observed fatality rate. 

Difficult ' ^ . ' 

to relate 

On the other hand, some, of the reports of 
occ^urrences are difficult to relate to what we 
have ol^secvj^d. For insfance, the first ship to 
anchor at the mouth of Tomales Bay in 1775 
was rtearly destroyed by a massive wave 
which occurred two hours after high tide in 
the mjddle of the night. One mechanism we 
^havetiot yet been able tcTconfJrm or deny is 
the possibility of seiche motion in Bodega 
Bay alternately raising and lowering the 
dep,th at the. Tomales end, thereby, causing , 
changes in the patterni of breaking of the/ 
waves over the bar and* possibly short 
term- tidal bores. The natural period of 
Bodega Bay is approximately 20 (jiinutes; a 
seiche of two-foot amplitudes would be • 
sufficient to induce a short-term bore, ahd 
probably to cause intermittent breaking of 
ocean swell. 

During the next several months we will try 
to measure seiche motions in Bodega Bay. A 
final report and recommendations will^ b6 
prepared prior to July 1, 1975. Since.present 
funding for the project will be terminated on 
November" 30, 1974, the.'extent of the report" 
will depend on funds available, for its 
preparation. 

The project has been carried out in 
cooperation with the California State Divi- 
sion of Navigation and Ocean Development. 
Sea Grant Trainees Richard. French and 
Richard^ Delia assisted in all phases of the 
project. 




Physical Criteria 

For Coastal Planning^ ' 

Douglas, L. tnjnan . . : ■ 

-Understanding of the basic physical processes 
essential to sound coastal pianning. 

Understanding of the basic physical 
processes operative In the nearshore envl- 
ronnr^ent i^^^s^ential to sound coastal 
planriing. The-princlpal objective of this 
, (brojebt has been to study c<?astal processes 
*by making definifive* field and laboratory^ 
^ cheasurements which provide insight into 
these processes whjch can in turn be used in 
formulating' me^iiingful criteria for coastal 
planning.- In order to accomplish this 
objective the Shelf and Shore (SAS) system 
for instrumenting the nearshore environment 
was designed and is continually being 
perfected by the Shore Processes Study 
Group at Scripps Institution ^of Oceanogra- 
phy. This data acquisition system is capable 
of the simultaneous*rTieasuTement of wave, 
current and otl^er physical paramenters frum 
up to six 'different st&tions in coastal waters ' 
and is Ijnked toamini-computerfor the rapid 
pfocetsstng and analysis of data^as it is 
acquired. R^'esults of • the' project** are . 
developed into basic coastal planning 
criteria which are np>ade available to 
interested individuals and agencie's. During 
the past year planning information* was 
aisseminated* by direct consultations and by 
publication (Inman, et aL, 1&73; 1nman, 
1974; Nordstrom and InmaF^, 1973;* Nord- 
strom, Geehan and Wman, 1973). 
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that operate in the nearshore environment is 

array paralleLto stjore and twq acceterome- 
ters^ for measuring wave energy ,and 
direchion. The vwive field is measured Jor a 
one-hour period four times ^ ftay In order to 
provide\he 6Si\a riecessary to compile a local 
wavex climate. To date thgre have been 
approximately 1200 data series 'dbtamed, 
from this installation. ^ - . 

Scrlpps Canyon \. ^ 
station 

A shelf station was placec^ in the head of 
the south b^i;^nch of Scrlpps Sub^marine 
Canyon at a water depth of Iff meters. -This 
station isr equipped witi] sensors to measure 
pressure, temperature, tilt angle; and .the 
current in thfe canyon. The instaljatiop has 
been operational for,,14 months and has 
provided dat5 from the submarine canyon 
under diverse environmental conditions. , 



SAS ^* . 

'deployment 

Th6 basic element of the 'SAS systeqj- is 
the shelf station which is a tethered tjuoyant * 
spar equipped with various sensdrs and a 
telemeter package for sending data. to shore.' ^ 
Sfielf stations have been *used with other 
instrumentation during the past year to . 
.continue various data njdnitoriQg programs 
and inftiate new*studie§. Use of •the SAS 
systefn Is summarized below'. *^ ' • 

Ton^ey'Plnes • • ' • ^ 

station . - , ^ ^ ' ' 

A. shelf station has been deployed off 
Torrey Pines Beachr approximately "three 
1<ilometers north of Scripps Institution for 
over 20 months. This statio/i is 900 meters 
seaward qf. the beach at a watpr depth of 10 
/peters. The- station is equipped with four 
absolute pressure s.ensors ar^ahged in allfle 



Scripps J . ' . " : 

station • ' - ' 

A sheila-station' has been fnstall'ed on the' 
,$heff immediately offshore from Scripps 
Institution during the past year. This station 
is located ;36o meters seaward pf the end of 
Scripps Pier, at a depth of 17 hneters. The 
station is equipped' with a 32-element 
thermistor chain, an absolute p;ressure' 
sensor at the bottom, 'and a" four-efement 
array of pressure-temperature sensors. The' 
pressure-tenrtperature sensor ^Kray is/ar- 
ranged .orthc^onally the bottom at the 
ba$e*bT tl^e station. ^Measurements' .of 
tenrlperature fluctuations in the. water column ^ 
made with this sensoi^ configuration xietect . 
and docufhent the 'effect- of internal waves 
and bores- passing^ over the shelf. SifjQe the 
tn^tallation of this' shelf, station in Augusi,. 
1974, several t6-hour-[dng continuous 'data 
runs have b6eij^made. Continued operation 
of the Station over the next year will provide a 
large body of data pn thermal fluctuation's in ' 
nearshore waters. 

Scripps ' 

Pier " " 

The installation at the end Of Scripps Pier 
in five'nieters of water has be$n enlarged to 
include additional temperature and current 
sensors. A^n Initial installation consistmg of 



a pressure sensor, eiectfomagnetfc current 
meter»,and^,thermlstor chain was Installed 
atthe plerepd last yeananti Wed to measure 
Jherrtia} fluctuations. Thfs sensyDf conflguf»- 
*tl6n was*^ modified .to Include an improved 
,a1i&-elBment thermistor chaitj, a, temperature 
/profiler; two additional electromagnetic 
- ^ Cisrrent^eters, and wind speed and* directfon 
sensors. The termistor chahi**has fixed 
elements at:a spacing; of 30 centimeters to 

* ^ample.the temp'erature of the eotire water 
, column/A temperature profiler conslstiqfa of 

a single tfiejmiStQr mounted on a cable^t 
moves it up and down through the w;dter« 

* coluipn wa$ also installed at the end ofUhe 
pier. This sensor itiakels a continuous 
measurement ^f the temperature Stnicture 

^'of the water column once a mlnute.^I^ee 
' electromagnetic. current raeters..are mourn 
at 0.5 m, 2.0 m, anfi 3.5 m above the bottdm 
adjacent to the protiter In order to measur;e 
the! current structure at the sit^. Wirfd speed 
and direction dre also monitored to complete 
^the environmental measurements. Measure- 

* ments are made synoptically with th^ shelf 
station immediately offshore In order to fully 
document the effect of internal waves 
shd^llhg over the.shelf . 

Fluctuations, 
on shelf 

, The multiple element thermistor chain 
installed at ttie end ,of .Scrlpps Pier has 
recorded periodic ffuctuatfbns In the temper- 
ature of . the nearshore waters. Temperature 
fluctuations throughout the water column 
are characterized * by the occurrence of 
events, times during which a significant 
thermal gradient on the order of, or greater 
. than those associated with the seasonal 
thermoclfne In deeper waters exists in the 
water column. Temperature differences 
between the bottom and the surface of up to 
,5*C have been measured. - . ' 

These measurements show: (1) that the 
onset of events can be very rapid, occurring 
during times on the order of one sec; (2) that 
motions exist in the water column at 
frequencies much higher than the buoyancy 
frequency which are not directly couplM to 
the surface wave field {Figure 1); and finally, 
(3) that events are likely to be strongly 
three-dimensional in such shallow waters. 
Extrapolations of obsen^atlons at Scrlpps 
Pier on a worldwide scale indicate that such 
events could be responsible for an energy 
flux into shoal waters ranging between 
2x10^ kw and 2x10^ kw. 

Wave 
ciMnate 

The wave climate at a site off Torrey Pines 
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Rflure'l. Seventeen-mlAute records of sea:surface 
"fluctuations and temperature at Scrlpps Pier. 

^each, California' is under study using a line, 
array of four pressure sensors roughly 
parallel to the straight coastline at a dejDth of 
JO meter?. The pressure sensors are linked to 
a shelf station that contains accelerometers, 
electromagnetic current meters and at times, 
a surface piercing* staff.. The data is 
transmitted by radio link to the shore 
recording station for recording and analysis. 

Wave records have«t>een tid<en four'times 
^laily ^or a period of 20 months. The 
recording of four records each day give an. 
^Indication of the nature of variability of the 
wave field. During periods of wave transition, 
large changes In the total energy of the 
waves are noted between the six hour 
recordings. However, the full extent of the 
major changes Jh the wave field normally 
take place over several recordings, or a 
period greater than 12 hours. 

The wave climate Is considered In terms of 
both ltd average and specific characteristics 
with the year being divided Into quarters for 
averaging wave data. Frequency diagrams of 
wave energy versus period for data of a 
particular quarter are calculated to estimate 
average climates. The energy recorded as a 
function of direction Is summed over a 
quarter for the various wave periods. The 
energy-dlrectlonal spectra have been Investi- 
gated In an effort to characterize principle 
components of the wave field. From this 
Investigation a basic blXmodal spectral form 
has been recognized ias typical of the 
summer quarter (Figure 2)) 

Waves . 
and cusps 

' A theoretical study has shown that surface 
waves Incident on a beach from deep water 
can excite edge waves. Specifically, a 
mono-chromatic wave train normally Incl- 




dent and reflected on a beach of ^^3tant 
^gentle slope is found to transfer energy to 
edge waves through 'a weak resonant 
interaction resulting from an instability of 
the incident "wave with respe«:t to perturl^ 
tfon by edge waves. Only ed^e waves with 
frequencies lower than that of the inciderit 
wave are excited by this mechanism. 
Viscous effects suggest thaf an edge wave 
with 'mode^ numf)er zero and frequency 
one-half that oi the incident wave (a' 
,^ubharmonic edge wave)' Is preferentially 
excited. The minimum Incident wave ampli- 
tijde^ for which this resonance can occur are 
predi'q|ed by consideration of viscous 
effects. Higher prder terms suggest that an 
edge wave with, frequency equal that of the 
incident wave (a synchronous edge wave) 
may also be resonantly ^excited when the 
.incident wave is strongly reflected. 




laboratory bekches are shown to rearrange 
sand tracers into accumulations which 
resemble natural beach cusps. These edge 
wave induced morphologies, however, Inter- 
fere with the edge wave excitation process so 
the edge wave amplitudes decrease as the 
cusps grow. Small edge waves can form 
longshore periodic morphologies by provid- 
ing destabilizing perturbations on a berm 
prpperly located in the swash zone. In this 
case, the retreating incident wave surge is 
channelized into breeches in the berm 
caused by the edge waves. 

Wave-formed 
ripples 

A field study of the equilibrium configura- 
tion of oscillatory ripples formed in response 
to progressive waves has been completed. 
The ripple regime is bounded as a lower limit 
by the onset of grain motion and as an upper 
limit by the condition of sheet flow where 
several grain layers are in motion. The rippie 
geometry is controlled by the size of the 
sand and by the nature of the fluid motion in 
such a way that the ripple steepness rj/A, the 
ratio of the ripple height r} to the length A, 
'stays constant at about 0.15 (vortex ripples) 
until just before the onset flow (postvortex 
ripples) when the steepness decreases 
rapidly to zero. 



Figure 2. Energy-frequency spectrum and energy-direc- 
tions spectra for waves at Torrey Pines Beach, 



Strong 
edge wave 

Experiments show that a very strong 
subharmonic edge wave resonance occurs 
on nonerodable plane laboratory beaches 
when single frequency incident waves are 
surging and stronjjly reflected at the beach. 
Smaller synchronous edge waves occur 
when the basin geometry or viscous effects 
exclude the subharmonic. Neither type edge 
wave is visible on the beach face when the 
incident wave is so large that it plunges 
rather than surges, incident wave energy 
being dissipated in the surf zone rather than 
reflected at the beach face as assumed in the 
resonance theory. This observation is 
quantified, and leads to a classification of 
beach face dynamics into reflective and 
dis^ipative systems. 
Large subharmonic edge waves on plane 



Figure 3. Field measurements of the generation and 
disappearance of sand ripples by wave action In water 
3.4 meters deep off Scripps Pier. 

The onset of grain motion, the equilibrium 
postvortex ripple geometry,, the onset of 
sheet flow and the short term ripple 
migration have been investigated with, 
respect to the wave-sediment* Interactions. 
The onset of grain motion wSe^^tudied in a 
laboratory wave channel that liad a special 
convergence section to increase the si2e of 
the waves. Analysis of the data for grain 
sizes between 18(Xand 1454 microns shows 




that grain motion commences when the 
dimensionless criterton 

is sat{sfled, where T is the wave period, D is 
the median grain diameter, Ys =: (p^, - p)Q Is 
the immersed sediment weight,' p$ is the 
sediment density, p is the fluid density, dg is 
the horizontal orbital fluid displacement near 
the bottom, and m is the fluid viscosity. 

Ripple 
geometry 

.The ripple geometry during the transition 
from vortex ripples to sheet ffow conditions 
was investigated in the field using a newly 
developed sonic bed profiler with a vertical 



resolution on the order of one millimeter. It 
was found that the ripple steepness could be 
related- to the dimensionless shear « stress 
0 = pui /ysD , The postvortex ripple regime 
commences at a 0 value around 50 and flat 
bed conditions occur at 0 = 240. 

In fine sand an equilibrium ripple geometry 
.was produced, by only a few waves and the 
bed could be quickly flattened by sheet flow 
and sediment suspension induced by a 
series of higher waves (Figure 3). For 

. experiments where the rippled bed stayed 
intact during the entire time of observations, 
ripples were seen to migrate less than five 
centimeters. This suggests that the coupling 
of the ripple migration to be bottom 
boundary current is weak or that the flow 
over a rippled bottom is significantly 
differerrt than the flow in the flat bed 

I channelized models. 



Ecological Studies > ^^"pfS 
01 the Near Shore Zone 

E, w; Pager and 
Paul K.Dayton 

Establishing baseline and experimental knowledge of nearshore structural and functional 
community relationships supports predictions Qf long-range effects of community perturbation 
from pollution, hanresting, recreational use or other Intrusions that might change distribution, 
abundance or reproductive patterns. 



Knowledge of .the natural variation occurr- 
ing within communKie§ is of fundamental 
importance to rational management. The 
baseline mvestigations reported concern the 
development, pattern, and varia'tidn of 
several nearshore commiTnftycomponefits of 
commercial and recreationaf interest. These 
include, the subtidal fouling community, 
kelp beds, rocky intertidal, and. nearshore 
sands. 

Artificial / . ] 

rocks ' ' ' 

Monitoring of the benthic community-on 
artificial structures, some of which have 
been in place on the sand bottom as long as 
eight years, has continued. An underwater 
televisicfn system overlooking one concrete 
cube was installed to survey the block 
continually and to test the feasibility of "dry"' 
observation without jihe limitations of diving. 
The:transmisslon quality has been sufficient- . 
\y high to permit icjentification and abun- 
dance estimates dl fish which avoid divers, 
-e;gf., sargo (Anisotremus davidsonii), and 



black surfperch (Embiotoca Jacksoni). Signi- 
ficant observations include predators not 
normally surveyed (a double crested cormor- 
ant) and aggregations of the pelagic ocean 
sunfish (Mo/a mo/a). 

The rapid buildup of the fouling commun- 
ity upon the artificial rocks has enabled us to 
follow^ species' changing abundances and 
interactions pver fhe past year. This should 
allow u^ to make increasingly accurate 
'predictions abdut the sf)ecies composition, 
diversity, development, and eventual fate of 
this' type of community. This study has 
demonstrated the value of long-term base- 
line studies by demonstrating.the dangers of 
generalizing from short-term observations 
(for example, dense aggregations of Cancer 
crabs which appeared in summer 1972 but 
did not reappear in 1973 or 1974). 

Kelp bed 
study 

During the past several decades the giant 
kelp, Macrocystfs pyrlfera, has disappeared 
from some areas ot>the.xGa6*^w|^e it has 
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increased at other. A Ibna-term program *iS 
continuing to deterrnine natural fluctuatioris / 
in the populations of kelp and its associated ^ 
* community". ^ / 

Three kelp beds are being monitored: Def 
Mar, Polnt'Loma, and Catalina Island. During 
the past year survivorship rates of 34%, 
74%, and 57% respectively were recorded 
among adult plants. The survivorship varies 
from year to ye^K For example, the sam^ 
figures foV the previous two years were 78% 
and 48% at .Del Mar^ and 53% and 13%^ at 
Point Loma. We are investigating the effefct 
of several parameters on iportaiity rate. At 
Catalina Island, ^perman^nt transects t:iave 
been establistied at 5 m, 10 m, and 15 m- 
depths. At 'Point Loma, very young plants 
have begun to be monitored along the 
transect; these appear to have a^vefy high 
mortality rate. The mortality pate also seems 
to very according to the time of year. These 
results are preliminary, final conclusions 
await further samplrngand rigorous statisti- 
cal analysis of the data. ^ » . ' 

In cooperation with Rpn McPeak of Keico, 
we are continuing research }o determme the 
effects of canopy removal on hapteral 
growth. Preliminary restrits indicate no 
important harvesting effect on the growth of" 
Macrocystis holdfasts. Ekperiments to eval- 
uate the* effects of liming on the kelp bed' 
community were prevented by the morator- 
ium- on liming declared by the Department of 
Fish and Game. 
Cycles 
evident 

A comparison is being made between the 
intertidal portion of La Jolla Preserve (DeviTs 
Slide) and an unprotected control area (Bird 
Rock). Thirteen permanent 25 m^ quadrats 
are monitored every two weeks. CycleSj^ not 
necessarily synchronous, are*'evident.. Re- 
cruitment and survival of the algaQ within the 
quadrats appear to correlate primarily with 
physical events; heavy surf, rain, sand, and 
especially desiccation. Most species reach 
minimum standing crop during daylight 
spring low tides. Dependence on topo- 
graphic position also appear to be signifi- 
cant. The occurrence of abaJones and 
lobsters in the two areas is also being 
recorded. There is some evidence that tKeir 
abundance is higher in the pres^earea. 

In the subtidal area of the preserve, thirty 
meters of heavy chain have been put down in 
an attempt to mark a pQrmanent study area 
so that individual abalones, patches of 
Phyllospadix, and other macroorganisms 
can be followed. We are now in the process 
of mapping the large plants and animals 
along , this chain. Lobster and abalone 



p6pulatiQns*are also b^lng monlto/ed in the 

IJubtidal area. The number of abalones on our 

transect has fallen ffom 35 to 27-t)ver the past 

year. The lobstet population i^ too mobile to 

show any significant changes. - 

* > .* . * 

Zpstera \ * ' , / 

patch - ' ' , ' . 

In the past year, re^ylar visits were, made 
to a .^)atch of the. marine spermalophyte 
Zostera.marina locaftd at a depth of fourteen" 
meters oh the edgaof the La Jolla Submarine 
"canyon. Marked increases in turjon 'derlsity 
occurred during periods of c^lm, 'dear .water, 
and were followed by gradual r^uctiohs tn 
plant density, most probably .due ^to Wav^ 
surge and entangtemenl by* Jdrift algae. 
^Survivorship, of luripns aver&ged 93% per 
month,' but grOwth rates Were irregular! 
Juvenile individuals of ParaJabrax ciathratus 
(kelp bass), Coryphopterus ntcholMii (bJack: 
eye goby), and Citharichthys^ stigmaeus 
• (eand dab) have bgen seen in the Zostera 
pa'tch. ^ ^ . , 

, For compilative purposes,^a'trans6ct was 
recently established in a well-developed 
Zostera bed in the San Diego Flood Channel.^ 
Well protected* from physical stresses, thte 
area harbors a diverse aS'^eniblage of 
animals and is regularly use^> by sport 
fisheirmen. ^> 

'Sargassum . • - 
.examined- 

*The rnteraction of the invading brown ^Iga 
S^rgassum mjOticurp^ with native fSlarit 
communities \s being examined\ By gfogglng 
dock areas ,and channels, S. muilcum ha§ 
become a- ^eriops problem, m some Southern 
California marinas. In addition, it is a new 
cbmpetitor. fo/ macroalgae which require 
space ort hard ^ybstcatajn areas such as the, 
rocky in tertld^K ^ • 

Durlng.tTiepasf v^fear yi/e fQund,a reduction 
in the growth»r*ate^nd reproductive success 
of S. mutJcum reJatiyorlo th.e previous year. 
Comparisons ^re now pe\r\g made with an 
older population of 5., muf/cu/r? in ^British 
Columbia '1(1 an attempt to characterize 
adjustmenta iri the California populations 
since colomzationr - ' » • 

Sartd • 

community/ * * , ' . . 

Studies^on the sh|jJow water sand bott<6m 
community, were '^bfigun by E. F^ger ifi 
1957. Two. permanent fifty-mefe^r^trans^ects 
establisrtfed in areas « where ^agar^ worked 
provide a urtiqu^ j:>ppQrtunity to sl^hy^.Xhg 
stability pf this cgmmunity over severj^eerj. 
y.ears. The anemone, Harehactis^ afiehuata, 
slightly declined from 6.48/m^ to 4.45/m^ 



The sea pansy, RenWa koUikerl, seejns to 
have undergone a mCich more dramatic 

•change frorri: t:68/m2. to 0.26/ m^ .Other- 
permanent fifty-meter trartsects are. being 
monitored In the sland at depths of nine, 13, 
.and 18 meters. Observations so farlndicate a 
high turnover of ihe \ube worm, Dlopatra 
splendissima. 

The abundant sand starfish^ Astropecten 
armatus and Astropecten callfornlcus, are 
important predators .in the sand .community. 
The diet of these sea stars tias been 
evaluated ffom gut content analyses and 

^comJ)ared io the relative abundance of the 
prey species in the. environment. Astropec- 
ten armatus shows positive selection for, the 

^gastropods, Olivella bektica, Acteon punctor 
caelatuSy and Turbonilla sp., and also for 
smaH crabs. The bivalve, Teflina, is far less 
gommoQ in thesjtarfish stomachs than it fs in 
the habitat. Attempts are being made to 

.evaluate 1f the observed selectivity is a 
reflection of the predator's ability to capture 
prey and if it represents a selection for an 
"optimal" diet. In addition, the relationship 



between the prey available and the dynamics 
of the predator population is being inves- 
tigated. . \ 

Artificial : 
ptantSv ^ 

In conjunction with our other studies, two 
kinds of artificial plant habitats hav6 been 
created on the sand bottom near the StO 
pier. An artificial e^lgrass bed has been In 
place a few months and has mainly attracted 
fish which appear near any irregularity in the 
sea bottom. An artificial kelp bed * has 
aftractpd both fish and a wide variety of 
invertebrates, ihcluding lobsters, crabs, 
starfish, nudlbrancbs, hydroids, arid bryo- 
zoans. Comparison of faunas occupying 
simulated habitats 3«lth th^ose from natural 
areas should yield Information on the role of 
physicaf structure itself in the fomfiation of a 
community. The siz©, nunjber, and spacing 
of 'individual Artificial plarits could also be 
controlled In order to eyaluiate distributional 
effects of the subsVate bh the fauna. 



Marine Ecology of the '"^/S 
Central Calif orniiEi Coast . > 

William T^Ooyle and 

. John*S^ Pearse ' ^ * ' 

•The biotic diversity of the (^ntral CaUfomia coast fs both a blessing and a predicament— how 
can the conflict be resolved, for instance, between the sea otter now repopulating its ancieint 
iiabifat and the commercially importarnt abatone probably in unnatural abundance in this 
^century; what would be the ecological effect ff th^ commercial potential of subtidal kelp and 
'inte^rtidal ^Igae w^re developed? 



Jhe matp Objective of this project was to 
^establish 'an inventory of the kinds and. 
quantities of pjant^ and animals that occur 
atong the central California coast in order to 
. evaluate future changes and. environmental 
impact from hmnan. activities, provide 
pla^nners with information for use in coastal 
management and protection, and help 
identify ecologically and potentially econom- 
ically ifljportant species in nedd^of more 
detailed stucjy. 

Intertidal - 

flora , / ' . • 

> During 1971-72 the project included an 
inventory of the intertidal flora of fhe Sant^ 
Gruziand^^ah Mateo County coast. Simultan- 
eous stt/dies of the intertidal fauna were 



supported by a grant from the Association of 
Monterey Bay Area Governments. Sea Grant 
supported both the flora and fauna studies 

. during 1972-73. By the end of the 1972-?3 
year, when field work' for the detailed 
seasonal inventory was completed, a total of 
19 rocl^y intertidal sites'had been studied, lO 
of which were studied, for six to s6ven 
successive quarters. These sites included 
five in the immediate vicinity of the City of 
Santa Cruz where impact .from the domestic 

, sewage discharge into the nearshore envlr- 
Ohmjent would bd thre greatest; one on each 
side of El Jarro Point, a proposed site for a 
nuclea^' power plant; two on Ano Nuevo 
Point adjacent to Ano Nuevo Island where a 
unique pinniped rool^ery contributes season- 
al natural enrichment of the nearshore waters 
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and where them is both a California State 
Park and a University NaUjral Land and Water 
' Reserve, and several on the open ocean 
coast of San Mateo, Santa Cruz and 
Monterey Counties which are presumably 
away from areas lil<ely to receive much 
concentrated human impact. 

The specimens and data f rom the Intertjdal 
inventory were processed and compiled 
during 1973-74. Reference specimens of all 
species found are now curated in the UCSC 
herbarium and invertebrate collections. 
Duplicate invertebrate specimens have been 
donated to the California Academy of 
Sciences. The information gathered pn these 
species (When and where found) has been 
compiled on cards for computer printout, 
' Preliminary information from the intertidal 
survey has been provided to several 
governmental agencies including Associa- 
tion of Monterey Bay Area Governments, 
Department of Parks and Recreation, Depart- 
ment of Fish and Game and the Central 
Regional Coastal Commission. Publication 
of a Technical Report containing the 
information in final form should be com- 
pleted in 1975. 

\ 

Blotic 0 
inventory * 

In 1972-73, studies were begun on selected 
subtidal areas. In particular, a blotic 
inventory was done of the kelp forest of the 
Hopkins Marine Preserve off Point Cabrillo, 
Pacific Grove. This kelp forest supports a 
resident sea otter population, and is both 
fully protected and readily accessible for 
Study. As such, it provides an excellent site 
for long-terTrMtetarted study of kelp forest 
Interactions relatively undisturbed by human 
influences. A"-?3=page Technical Report 
resulting fro^ thi? inventory was published 
bylhfillQastal Marine Laboratory of UCSC in 
1974, and makes- this kelp forest among the 
most thoroughly characterized known. In 
addition, two published studies on some of 
the more important grazing invertebrates 
(one on abalones and sea urchins, a second 
on snails) has resulted from this part of the 
project, and a study on kelp production and » 
energy flow is now in progress . 

Other subtidal areas studied in 1973 and 
1974 were along the coasiof Santa Cruz and 
San Mateo counties where sea otter 
populations are not yet established. In 
particular, abundances of sea urchins, sea 
stars, abalones and kelps were estimated off 
Santa Cruz Point (summers of 1973 and 1974) 
where there is much human diving and off 
Ano Nuevo Island (Summer,^ 1973) which has 
had relatively little human use. These 
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inventories will be used to estimate future 
changes, especially after the probable 
establishment of sea otter populations. 

Crop 

assessment 
Also begun during 1972-73 was an 
^ assessment of intertidal algae with potential 
economic importance of the central Califor- 
nia coast. To date this work has concentrat- 
ed on Iridaea cordata (Turner) Bory and 
includes seasonal standing crop assessment* 
of bay and outer coast populations, and 
study of population dynamics. This work is 
continuing as 1974-75 Project No. R/A-10, 
and is described more fully by the Sea Grant 
Trainee involved in the project (JuditI) 
Hansen), The Trainee presented a paper at 
the 1974 Vlllth International Seaweed Sym- 
posium in Wales which is to be included in . 
the Proceedings of the Symposium, ' 

Finally, a study was begun during 1973-74 
on the production and disposition of drift 
kelp (mainly of Macrocystis pyrifera) itv the 
kelp forest of the Hopkins Marine Preserve, 
This work includes seasonal standing crop 
assessment of attached and drift kelp, 
estimation of the rate of export of drift kelp 
out of the forest, and utilization of the drift 
kelp as a food source by one of the main 
consumers in the forest. This work is 
continuing as 1974-75 Project No, R/A-11, 
and is described more fully by the Sea Grant 
Trainee involved in ' the project (Valerie 
Gerard). 




Or. John Pearse (left) and student team enumeratiag 
the intertidal transect near Natural bridges State Pdrk, 
Santa Cruz County. The wood sj^uare represents a 
meter quadrat which has been subdivided Into ten 
10cm squares. 
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FISHERIES Ah|Q AQUACULTURE 



In this broadly publicized and visible area of ocean research, ^he one most accessible to 
reade^^nd viewers of the mass media, the real drama and excitement of discovery are 
oftm masked by the slow and careful procedures required to reach supportable 
conclusions. Marine species such as clawed lobster, not native to California, are being 
nriass-cultured though many obstacles must be renaoved before market-size animals can 
be produced on a commercial basis. A valual)le resource such as seaweed of various 
types is found to thrive with good management-^but how to interest unadventurous 
Americans in consuming it? And can predictive models be devised so that the biological 
resources in the sea can be presenred, used, and replenished before some of, them 
disappear past all tBasonable restoration. 




•{Animals) 

Development of Aqiiaci^fture Systems 



Davts 
, R/FA-4 



Robert A. Shieser 



This multi-phase, multi-group project is modeling a commercial aquaculture facility with the 
alms of reducing costs, losses and laniral mortality; improving waste control and food 
utilization; and developing cheaper tood, more streamlined^ construction, and simpler 
operations, such as improved heating and circulation. 



Maintaining the optimal environment for 
culture Is essential to experimental and 
culture situations. We have taken methods 
for assaying levels of metabolic by-prorfutts 
and environmental " pollutants and where 
possible developed automated systems 
which -will be used to monitor the waters 
quality in our experiments, in several cases, 
published methods were not satisfactory and 
new or modified analytical methods had to 
be developed. This work is a, major 
' contribution to the chemistry of seawater. 
These systems can be used to monitor the 
quality of seawater in the coastal zone as 
well as mariculture that may develop in the 
coastal zone. 

Toxicity 
established 

The acute toxicity level of ammonia, nitrite 
and nitrate anions on W. americanus was 
established.. The ammonia concentrations at 
which 50% niortality occurs with 96 hrs. 
{LC50 96 hrs.) is 1.2 ± 0.1 and 1.4 ± 0.1 mg 
NH3-N/I for 1 and 3 gm. animals 
respectively. Exposure to ammonia concen- 
trations of five fold lower than the acute, 
lethal levels sensitizes the animals to later 
ammonia exposure. A progressive necrosis 
of the hepatopancreas is observed. Concen- 
trations of up to 500 mg. NO3-N/ 1 and 100 
mg. NO2-N/I are not lethal in 96 hrs., and no 
gross behavioral or physical effects are 
noted. These studies were done using 
animals hatched and reared at the Bodega 
Marine Lab "whose diet consisted of brine 
shrimp. 

The final breakdown** product of the 
nitrogenous waste of the Idbster and its food 
is ammonia which we have demonstrated to 
be very toxic. Since ammonia is a weak base, , 
it will be present in equilibrium with its 
conjugate acid, ammonium ion, a less toxic 
species. The value of this equilibrium 
constant (the dissociation constant) in 
seaVvater has not been published. The value 
we have for 32 ^'/oo has enabled us io 
determine the ammonia concentratipn that is 
toxic to lobsters independent of tempera- 
ture, salinfty and pH. We have determined 
this constant in ambient seawater (32 Voo 



and in seawater of lower salinities). 
Technical probtems stemming from sodium 
interference with the pH electrode at 
salinities higher thah 32 'i^o have prevented 
us from establishing the pK of ammonia in 
seawater at higher salinities. Now that the 
problem is understood the manufacturers are 
attempting to develop an instrument to 
measure pH in high salinity seawater. ' ^ 

Water quality 
problems 

Samples from the Davis based aquaculture 
systems are also sent to us When the 
personnel there suspect a water quality 
problem. Routine monitoring is now carried 
out* using a. Technicon Auto Analyzer II by a 
technician whose primary concern^ is the 
proper functioning of this machine. 

A result of routine monitoring, experimen- 
tal systems filter maintenance procedure 
was changed in order to more efficiently 
remove nitrogenous waste compounds. This 
suggestion was accepted and applied to the 
benefit of the system. 

We are now able to monitor total organic 
carbon levels in all systems, as well as in 
ambient seawater. We have found these 
levels to be consistently low, around 8 ppm 
organic carbon, and foresee only sporadic 
monitoring 6f these levels in the systems in 
the future. Total organic carbon levels are 
determined whenever a bacterial or algal 
infection is suspected in a system. Dissolved 
oxygen, pH and salinity are monitored in aU 
experimentaf systems as well as in Systems 
where a disease problem is suspeqted. 

Seawater 
sterilization 

We have developed systems for ozonating 
seawater in culture systems and have 
established levels that are lethal to circulat- 
ing micro-organisms. We are now evaluating 
the chronic effects of ozone residuals on 
organisms in culture. Ozone may be 
particularly important as a means of 
sterilizing large amounts of seawater where 
U.V. or chlorine are not useful for systems 
where large amounts of sterile seawater are 
required. This work will have application to 
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* elimination of blofouling of power plants 
that are cooled by seawater and to develop 
fopds ftpm nutrfents available from feed lot 
wastes .or wastewater treatment plants, a.g,, 
Oap/7ma culture (discussed under Nutrition). 

In previous years we have evaluated 
ratlpns produced bv various manufacture^ 
artd' other laboratories to provide for the^^ 
nutritional neel^sj/lobstersand shrimp. No 
adequate or economical rations have been 
developed, For these reasons we hayg . 
estaWished^a nutrition laboratory to develop ' 
economfle rations for aquaculture. The 
^development of a systematic approach to 

*.nutritlpn of. prustaceans will be a valuable 
qpntribytion tofhe development of maricul- 

' ture. Economic analysis has shc^n that the 
cost of food is a key element In the 
economics of lobster culture. 

Fctod ^ 

tables . - 

An extensive literature review was con- 
ducted In order to compile available 
Ingredtent'values \nio 9' standardized series 
of tables. The development pf suitable diets 
for lotjsters is central, to the lobster 
aquaculture project. Attempts to define 
tentative designs for pilot plant situations 
will ^be limited until the design of, suitable 
^eeds Isrfinis'hed. A compilation of nutrition- 
al sources and their biochemical elements is 
the flrslt step in composing diets. It Is hoped 
that the nutritional requirements of crusta- ' 
ceans and lead to economical ration|s which 
will be used in a variety of acqukculture 
project. ^ I 

Amino acid analyses were dpne by U.C. 
Da^s th order to complete the amino acid 
series of tables. Using the amino acid 
analysis tables a computer program was 
developed in order that diets ccluld .be 
developed using V^ious protein soUrces in 
combination whicfr^match the amino ^cid 
ratios of various experimental foods and of 
-brine shrimp. 

Diet 
unit 

The capacity for complete extruded diet 
manufacture has been selMjp at the BML 
'Laboratory. A suitable variety of equipment 
Jor/p'reparation, balances, mixers, etc., and 
storing of 'the ^perinpentah diets has also 
beein procured. Inventories of various feed 
ingredients have been sat up and are 
maintained. 

Preliminary experiments aimed at deter- 
mining pellet stability have indicated that 
more reliable methods need to be developed 
to determine the various aspects of pellet 
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stability in seawater. 

Daphnia, a freshwater crustacean, can be 
grown in large .amounts;- nine tons per 
surface acre of sewage treatment' plant. We 
have harvested live Daphnia, conducted 
feeding studies and shown growth rate and 
survival to be almost the equivalent of brine 
shrimp. Pelletized foods are now being 
fabricated from Daphnia and algae. These 
will be tested during the next fiscal year. 

Polycultum 
investigated 

Alf species produce wastes. The treatment 
of these wastes can be accomplished by 
biological, "as well as physical and chemical 
processes. Ip some instances using algae for 
the direct uptake of ammonia or other 
contaminants is more efficient and less 
costly than the use of standard water 
treatment methods. The fact that .algae 
grown oh waste products can be used as 
food for economicairy important species 
such as abalone, oysters, clamS and brine 
shrimp may allow production of other 
economically important crops ar little 
additional expense. The economics^ of these 
systems, polyculture, now being Investi- 
gated. * 

Forty-^four lobsters were raised from stage 
4 through stage 12 in a single 41" x 28" tanK 
with ooly a 13.6% mortality. The constant 
presence of brine shrimp provided feed and a 
constant algal bloom may mask or absorb 
,odor or newly molted individual and thus 
hinder detection by otfiers. This observation 
offers a means of improving the survival and 
improving economics by reducing costs of 
food, space, labor in early stages of culture. 
.* - 
^Developing 
criteria 

Biological data were analyzed with respect 
to engineering criteria. Previous experi- 
mental results related to space, temperature, 
metabolism, and nutrition and their relation- 
ship to growth and mortality have "been 
expressed as mathematical relationship^. 
These relationships are the basis for criteria 
fundamental to any physical facility. Water 
flow, aeration, drea and configuration, 
feeding rate, waste water treatment, and 
projected output have been calculated. 

Three different facilities for rearing 
lobsra(s to marketable size in commercially 
significant numbers have been generated, 
The three concepts are stacked tank, 
raceway and silo. Each concept represents a 
technically feasible approach to large scale 
production given the present state of the art. 
The problem of^unit rearing and Dfecislon 
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feeding have bedn approached In the context 
of each system. A workable preliminary 
design Is now available for refinement and 
cost analysis. 

Cost 
functions 

We h^ve develop^ a computer program 
that Integrates the biological, physical, and 
engineering aspects of Iqbster aquaculture 
combining the best estimates of productiv- 
ity, cost functions and design concepts. The 
budgetary output of . this program includes 
the total cost per unit output and a 
breakdown of component costs (e.g. , cost of . 
feed, labor, heat). The program includes 
economy of scale optimization and capital 
investments required- The program has been 
used to analyze the three design concepts 
using the best "state of the arf' data 
available. A ba&i9llnecost of $3.60/500 g unit 
was the least %stjy produced in an analysis 
of three facilities. The program has the 
flexibility to absorb any technological 
advance and relate it directly ,to the cost of 
production. This work was done in conjunc- 
tion with a related Sea Grant for the 
Economicsof Lobster Aquaculture. 

Increasing 
growth rate 

The area of genetics offers the potential to 
Increase the growth rate, food conversion, 
disease resistance, and increase mass in 
aquaculture. The deyelopment of techniques 
which will allow shortcuts In accomplishing 
these objectives is the primary objective of 
our genetics program. To this end we have 
established a genetics and electrophoresis 
laboratory to examine the genetic composi- 
tion of aquatic species. This laboratory has ' 
the capability of examining many species 
now being examined for commercial culture. 
The technology worked out in this laboratory 



Is particularly valuable because it can be 
used to examine the structure of natural 
populations and the potential for restocking 
species which have> been diminished by 
over-fishing. 

Our demonstration of Mendelian inheri- 
tance of cryptic (electrophoreticaiiy detect^ 
able) protein variation represents, encourag- 
ing progress toward our goal of understand- 
ing and manipulating genetic pomponents of 
aquaculturally desirable characters in the 
American lobster This Is especially so In 
light of recent progress In our ability to mate 
and reproduce lobsters successfully in 
closed aquaria systems. With the prospect of 
controlled matings t>ecoming reality, we are 
rooking forward to Investigating such 
problems as the linkage relationships of our 
genetic markers to each^ other, and to 
characteristics like growth rate, abdominal 
volume, diseasexesistance, etc. * 



Management 
of stock 

In developing aquaculture technology for a 
commercially endangered species like 
Homarus amerioanus, we must also be 
concerned about the management of the 
natural resources upon which we will always 
rely for stocks. Effective management, In 
turn, depends on sound biological informa* 
tlon. As a result of our studies two 
generalizations of Importance to the man- 
agement of the lobster fishery can now be 
stated: (1) H. americanus Is subdivided Into 
local, semi-lsolaled populations such that 
offshore stocks are distinct from onshore 
populations; (2) Although these local 
populations are on the whole genetically very 
similar, some genetic differences do exist 
and these differences should be taken Into 
account in any effort to restock natural 
populations. 
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The UC-Davis aquaculture project draws on many skills and disciplines to develop a model sysleqi. (Left to rtght) 
Bill Splaine, BML Shop, builds the center of a lobster larvae circulaton Dr. Robert Shieser, project ieader, inspects 
a spot prawn, part of a smaller study, utilizing technology developed through culturing lobsters. Technician 
Gordon Letterman collects algae w^ich take up the waste produced by the aquaculture program. Late7 the plants 
may be fed to scallops, oysters and other shellfish. Drs. Dennis H6dgecock and Keith Nelson examine a set of 
electrophoretic gels mappirtg the enzyme patterns of lobsters. 
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Assessing 
variability 

In parallel with our assessment of geneti^ 
variability \n lobster populations by electro- 
phorettc analysis of pro!telns,.we have scored 
each iob'ster on thirty-five morphological 
Characters. These data In conjurhctlon with 
the variable genetic material are being 
analyzed by. multivariate methods. ' 

In attempting to assay for dehydrogenases 
of ethyl ^Icphot, lactate, gJutamate, B- 
hydroxybutrate, hyposanthine, sorbitol, oc- 
tanol, and benzaldehyde, similar zymograms 
(starch-gel electrophoretic patterns) were 
always obtained. This zymogram was 
obtainable even using dialized samples by 
Incubating gel slices in 0.05 M Tris-HCI, pH 
8.6, and nitro blue tetrazolium (NBT) alone. 
We are unaware of any reports conperning 
such a tetrazolium staining r^ctiorr that 
does not require coenzym^nd PMS. 
Because benzaldehyde enhanced the stain- 
ing reaction, particulariy of the most anodal 
bands, it was routinely employed to 
demonstrate the entire zymogram. In the 
absence of further biochemical characteriza- 
tion, we have arbitrarily designated this 
"enzyme" "tetrazolium reductase". One of 
the four^zones of, activity showed variability 
whicti fit a simple genetic model. 

Uniting 
disciplines 

The area of physiology unites many 
disciplines. The effects of temperature, 
water quality, food, space, -anfl other 
physical parameters on growth and survival 
are the domain of physiology. It is not 
possible to understand disease or nutrition 
without establishing criterion for environ- 
ment and a healthy lobster. 

This laboratory will have general applica- 
tion to examining the effects of temperature 
on growth, reproduction, and nutrition work 
is in progress to establish the utility of 
thermal effluent from power plants or other 
sources of warm water. 

Results show that optimal growth in 
lobsters occurs In the 21 •-24*C range. The 
upperghronic lethal level Is28*-29*C. This is 
significant to the geographical scope of 
possible culture sites. Some tropical temper- 
atures are above the optimal temperature and 
may seasonally exceed the lethal limits The 
data also pernnits refinement and confirma- 
.tio'n of preliminary systems analysts temper- 
ature/growth relationships. 

First mating 
on West Coast ^ 

Several dozep lobsters have been bred. 
Four females have extruded eggs and are 



currently developlDfl normally* -jio hatch. 
These arer the first animals to' |ftJform the 
complete reproductive process in a west 
coast laboratory. If preliminary results hold, 
approximately two-thirds of our laboratory 
matings should produce progeny. The 
progeny of known parent lobsters will Jbe 
subject to genetic analysis and comparison 
to parental genotypes by the genetics group.* 
The manipulation of egg development by 
means of temperature control has been 
routinely achieved. Hatching date is precise- 
ly predicted and controlfed by this technique 
so that hatching rs possible yeariy through- 
out the year and has actually occurred in 
every month from October to August at the 
Bodega Mariqe Laboratory and the Davis 
laboratory. 

Preliminary studies reported last year 
showed that lobsters grown in small 
enclosures diminished their growth rate long 
before space became physically limiting. 
Work during this year has quantified the 
relationship 'of space to grovyth for juvenile 
lobsters. These results were critical in 
establishing the area required for operation 
of the physical plant. 

Freedom 
from disease 

Unless animals in culture^are absolutely 
free of disease, It Is impos^ble to conduct 
studies on foods or physical jsystems. The 
^ establishment of critei'ion for healthy 
animals nrfakes possible the work in other 
program areas. It is the domain of this 
program In conjunction with tKe engineering 
group, to design systems and establish 
methods for the elimination of pathogens 
and prevention of disease epidemics. The 
detection and identifiqation of disease 
organisms is part of this pjrogram. ' 

The first of these fungi Hallphtoros 
melfordensis Is responsible for a mycosis in 
juvenile animals, particularly In stages 5-15. 
This fungus penetrates the chitinous r^ater- 
iai of ihe exO-skelelon and Invades prirfiarily 
gills, and adjacent tissues, the hepato- 
pancreas is only rarely involved. The 
organism has been Isolated In pure culture 
on standam laboratory media. Without 
proper management procedures this disease 
can destroy anr entire colony. No satisfactory 
fungicidal agent has'been found to date, but 
good management procedures usually mini- 
mize losses due to the disease. 
. Lagenidlum, sp. was the tentative identifi- 
cation of the second Phycomycete identi- 
fied. Confirmation of this-diagnosis has been 
obtai ned from Dr. C. E. B land at East 
Carolina ^l/niversity, Greenville, N.C. Species 
identification has as yet to be established ; In 
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fa6t, the present isolate may be ,a neiv 
species. The mycosis is,extremely pathogen- 
ic. Usually if as many as 2-3% animals 
(larvae) are found In a given pot, all (in excess 
of 90%) of the remaining animals Will be 
dead within 72 hours. In advanped cases of 
tj^is disease .all lobster' tissue vWII . be 
decomposed. Often the dead ,animaj con- 
sists tof an exo-skeleton full of ftingal . 
mycelium.' No satisfactory fungicidal agent 
has been found. "Proper management can 
minimize losses. 

• Maintaining , , ' 
standards 

, It has been found that eggs which are 
reasonably, free of epiphytic contaVninants 
can yield good crops, provided minimum 
management standards are maintained. It 
has Been found necessary in larval systems 
to essentially sterilize the recirculating water 
and to disinfect the lobster. These proce- 
dures are accomplished by treatment of the 
water with uftra-violet lighl and the animals" 
with malachite green. The efficiency of using 
these agents is now being investigated. 

Also, largely because of our experience 
with the finding of the two fungi, we have 
learned how to examine dj6ad and dying 
animals. Tell-tale signs of the mycosis have 
been recognized, and in general, we are 
learning to know signs of a variety of 
maladies.' Animals are routinely dissected 
and various organs examined very carefully. 
With these improved techniques it has been 
possible to establish in nriost, if not all, 
cases what caused death. We are continuing 
to develop more sophisticated histo-pathp- 
loglcal and microbiological techniques to 
refine the diagnostic procedure. 

We successfully responded to several 
serious infestations of larval stock with 
fungus and bacteria. Prophylactic measures 
proved most practical, particularly the 
recognition of disease early in egg develop- 
ment. Marginally infested larvae wera 
successfully reared by means of ll.V. water 
treatment, and malachite green dips as well 
as routine cleaning and maintenance of the 
hatchery system. 

Special 
environment 

Artificial seawater which is completely 
defined may provide an environment for 
conducting special research studies. Closed 
systems have been designed which will allow ^ 
thfe recirculation of the sanrie seawater for up 
to eleven months with only replacement of 
evaporated water. The development of cost 
effective closed systems may make possible 



the use of synthetic seawater for aquaculture 
pf, marine species. The activities, in this 
' program are describfed below. . 

The Davis laboratory has performed 
'experiments.useful to ba§ic understanding 
of the lobster as well as evaluated long-term 
•culture in dosed systems utilizing artificial 
seawater. Temperature manipulation of 
broodstock and an extensive series of iood 
^ trials were performed -in'.closed systems at 
the inland laboratory. Also, the redundant 
systems in Davis and -Bodega gave 'us an 
added insignt into the 'riature'of larval 
infestations. Since the closed system • 
animals were isolated from the Bodega stock 
and seawater we were^able to make the 
conclusion that the infestation spread from 
prehatch infestation of the egg mass. 

As a part of a multi-stage filtration process 
SaUncornia sp.,"a saltwater marsh plant was 
cultured In a sand growth media using 
lobster igffluent as a nutrient. Harvesting this 
plant provided an alternative means of 
denitrifying the culture system. 

Feasibility 

of farming * . 

The ultimate goal of the Sea Grant 
sponS'ored program was to ^determine the 
economic feasibility of lobster farmmg.'The 
accomplishment of this objective necessi- 
tated estabhshing costs and determining the 
relationships of some 120 variables affectmg 
the economics of lobster culture. Suppdrted 
by the above research efforts, these costs 
and relationships have been identified, and 
In the light of existing information, lobster 
farming-may be econojnicaliy feasible. 
Clearly engineering and design must be done 
and this relationship must be tested in a pilot 
scale unit. The accomplishnrrents of these 
program areas are as follows. 

Xhe computer program has been used to 
calculate costs of various models for 
aquaculture. We have united the data from 
our research programs as inputs to the 
economic program. - 

Available resources and manpower and 
other inputs must be combined in the most 
efficient combinations. Often these relation- 
ships are not Intuitively obvious. Modeling 
and engineering provide for a means (A^ 
achieving these goals. / ■ 

Eponomic analysis suggests that it may be 
possible to produce lobster at less lhan three 
dollars per pound. Work on siting thermal 
effluent food constituted from waste pro- 
ducts, and engineering will lead to further . 
reductions in cOst. The construction of a 
pilot scale lobster farm is warranted. 
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Economics of Aquacuiture 



, Davis 
R/ME-1 



Warren E. Johnston 



A computerized budgeting model for (obstec production den^ehstrates usefulness In assessing 
attemative research pHorities in fobsterjimjacuiture. > ' f 



tquj 

Activity on this project during 1973-74 
focused entirely on developing a frameworH 
of analysis to investigate the economic 
feasibility for commercial culture of the 
northern lobster (Homarus americanus), and 
subsequent estimation of costs of produc- 
tion under varying assumptions, with 
preliminary experimental results/for alterna- 
tive hypotheticel production system.s.. 

By April, 1974, tfiB paradigm of a 
computerized budgeting model, for lobster 
production was developed and an initial 
presentation of its construction and analyti- 
cal capability, using very preliminary data, 
was presented to U.S. and Canadian 
researchers' and progretm administrators at 
\he North Ameripan Lobster Research. 
'Workshop in Bodega Bay. 

Revision ' ^ 

of model ' ^ , 

^ Important feedback from conferendfe parti- 
cipants led to a r^vfsion of the model and the 
preparation of the first research paper under 
this project which wa^' presented to 'the* 
Marine Economics .se^stion'aV the annual , 
meeting of the American Agricultural Econ- 
omics section at the annual meeting of the 
American Agricultural Ecphomics Associa; 
tion at Texas A&M University In August. This 
paper addressed 'the ne^d for. central 
evaluation of/psearch results— a particulariy 
acute need 'in multidiscipllrtary research 
efforts— arrd demonstrated the use of 



computerized budgeting In evaluating the 
''state-of-the-arts;' and in assessing alterna- 
tive research priorities in lobster aquacui- 
ture. The Sensitivity of total, cost estimates 
with respect to operating temperature, water 
flowv rate, feed cost, and plant size was 
examineil using the revised jriodel with its 
assamjptiohs- A cpst estimate of $7.22 per 
PQunct was the "moat optimistic" estimate. 
Future research needs were also identified. 

Computerized 

budgeting « * • 

Having demonstrated )he usefulness of 
the computerized budgeting approach .In the 
above.^)aperr subsequent activity "Qt^^e end 
of the 1973-74 program was fOcused^ftwards 
better specificatlon'of important compon- 
ents of the*model ^s it relates to lobster 
culture in confined systems. Dr\Allen', with 
A. M, Schuur and L. W, Botsford ffom Sea 
Grant Project F\/FA-4, ".Development .of 
Aquacuiture Systems," prepared a research 
paper for the December meetings of tlje 
American Society of Agricultural Engineers ' 
.in.wfiich costs of production .are estimated, 
by a further revision of ttiie model for stacked 
tank, modified raceway, and silo alternative 
.production systems. Costs of production 
appear to be substantially re.duced. Activity i 
with this focus will continue In 1974-75 b/*^ 
members pf both this project and tj^e 
collaborating project R/FA-4. " 
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Protective Measures • ; * 

For Lobster Aquacuiture . ; . 

I^arriette $.chapiro ^ ' ' . • ' ' 

As h result of studying the biology and taxonomy o^ the causative agent of g^flkemia, a viruierU 
disease tNt attacks lobsters and burdens airefady costly aguacijilture experinvents, researchers 
hav6successfuiiy isolated an antigen to immunize and protect the? crustaceans^ 



During .the past year, we have 'made 
consideraljle progress on several asp^fets of 
diseasfe'control nrfecbanfsms in lobstefi$. The 
causative agent of * gaffkeml^ has'; been 
taxonomically controversial. We hal/e, ac- 
cumulated* considerable *evrtfence /elsitina 
Pedlococcus homari (formeriy Gaffkya ho- 
matf)\o the genus Aerococcus. Using strains 



of Aerococcus.vJrldans,^v^e have been able to 
protect -the American lobster ( ftomarus 
americanus) egalnst gaffkemla. Antigenic 
similarities between P. fwmari and A. 
viridans have been demonstrated, and 
probably , are the basis for the protective 
action of A. vIrldSns, A tissue culture System 
has been developed to investigate cellular 



aspects of imrnunity in the American iojDSter. 

The causatfve agent of gaffkemia Was 
originally (laffkya homari. The genus Gaff- 
ky^ was abolished {EcHtorial Secretary, 1971) 
and G, homari became PediQCOCcus homari. 
However, more recent, D'N A homology 
studies have demonstratfed the close rela- 
tionship of P, homari and Pediococcus 
viridans (Kelley and Evans, 19f4), The Eighth 
Edition of Bergey's M'anuaJ wHI list the 
organism as A, viridans'^at. homstri. To 
' reduce confusion, we shcill, in this report, 
'refer to the lobster fiathQgen as P. homari. 

Attenuated 
strains 

, One of our objectives was Xo develop 
attenuated strpins for ti$e in immunfeatjon 
:ei(periments. This ultimately will -fead fo 
procedures tor induction of immunity In 
lobsters. It had been reported that A. viridans 
was not pathogenic for lobsters., in view of 
, their close taxonomic relationstijp Jto P. 
homari,^ v^e felt that some strains of A, 
viridans might be the immunizing agent'i^e 
sought. Several strains of A. viridans, were 
examined for ^heir a|3ility to induce resis- 
tance to gaffkemia in H. americanus. Prior 
exposure of H, americanus to an avirulerit 
strain of ^. vtridans induces protection 
against an experimental challenge of up to, 
3,7 X 10^ virulent'P. homari per animal. This 
would be many times higher than the numbar 
of virulent bacteria that the lobsters would 
normally encounter in the wild or in 
impoundments.^ This is the -first report of 
successful experimental Induction^ofVesis- 
tance to gaffj^emia' in H, americanus. 
However, the immunization system is 
extremely sensitive to variation in immuniz- 
ing and challenging bacterial strains and to 
the physiological state of the lobster. We are 
continuing our investigations of th^se 
parameters and plan to publish these results 
shortly. . * ' 

Confirms 
reiatedness 

Our results are again ^ cdnf irmation of the 
close reiatedness of P. homari and A. 
viridans. Since we had, collected a large 
number of strains of both organisms/*we 
w^re in a position to' Initiate a taxonomic 
study to settle some of the taxonomic 
problems and perhaps identify better immun- 
ogens. Using . the ^principles of numerical 
taxonomy, ^0 bacterial 'strains were com- 
pared on the basis of over 400 characters. 
The results have shown the close similarity 
of P. homari, the lobster pathogen, and A. 
viridans. Several s^trains of A. viridans, in 
addition to the ones already tested, have 



been identified as potentially useful in our 
immunological experiments. These strains 
wilLbe used to improve the efficiency of our 
immunization process. 

In concluding our pi;eviou8 studies of 
gaffkemia in the California spiny lobster, we 
isolated several pathogenic strains of P, 
homari from nearshore waters off southern 
Calilornia. Identification of P. homari is 
tedious and requires tests for pathogenicity 
in the American lobster. We began a 
serological study in hope of, producing an 
antibody which would be of use in 
identifying P. homari. Our results "clearly 
indicate that, in spite of- a number of* 
common antigens, all pathogenic strains of 
P. homari possess a common, 'unique 
antigen. We have also demonstrated that 
some A. viridans strains possess this 
virulence antigen, and these strains are 
pathogenic to the American lobster. Thus, it 
will be feasible to use this antibody system 
to identify virulfent'P. homari. 

The immune system in invertebrates is 
primarily cellular. As a means of characteriz- 
ing this cellular, response, a system was 
developed for the short term maintenance of 
H. americanus hemocyte suspensions. 
These hemocytes are capable of phagocytiz- 
ing A. viridans and P., homari, 

^ Soluble 
factors 

Soluble serum factors were required tor in 
vitro phagocytosis. This in vitro system will 
be used to monitor the effectiveness of our 
fmmunization procedures and to study the 
cellular response in detail. 

We have continued our services to several 
aquaculture groups. These groups include 
Ford and Van Olst, (SDSU), Shieser (UCD, 
Bodega Bay), International Shellfish Corpor- 
ation (Moss Landing) and University of 
Arizona (Tucson). The Bodega Bay and San 
Diego State laboratories were surveyed for P. 
homari. We have worl<ed with the Interna-, 
tidnal Shellfish Corporation in reducing 
bacteriological problems in their systems. 
We are currently working with the University 
of Arizona aquaculture group on disease 
problems in shrimp culture. 

Advisory 
function 

We have consulted with the California 
Department of Fish and Game regarding H, 
americanus trapped off southern California 
for P. homari and found them^to be clear of 
the disease. 

We have, in cooperation with the Sea 
Grant Marine Advisory Program, published a 
bulletin with suggested techniques for 



holding H: americanus. This bulletin should 
herp -wholesale and retail deafers minimize 
losses.due to gaf fkemia. 
Theses Completed 

Kellogg, S, K. 1974. t^umerical taxonomy of 
Pediococcus ho man an& Aerococcus viridans. 



Cherry, J, C, 1974, induced immunity m the American 

lobster Homarus americanus, 
Kimball, H, S. 1974. A serological study of the lobster 

pathogen. Pediococcus homari, and related 

bacteria. 

' Vandewalker, C. 1974. A cell culture system for 
Homarus americanus hemocytes. 



stock Identification and Ecology if^fiy 
the American Lobster 

Mary Lou Presslck ^ • , - 

An attempt at stock Identification and definition of the ecology of the American lobster makes a 
valuable contribution to fisheries biology : using a permanent genetic tag. 



• During the period between June, 1974 and 
September, 1974 research was conducted at 
the National Marine Fisheries Laboratory at 
Wood^ Hole, Mass, and at the Martha's 
Vineyard Lobster Hatchery on underseas 
ecological survey of lobster populations, 
stock sampling, and monitoring juvenile 
releases in situ. Meanwhile, laboratory 
support was provided by the Sea Grant 
Program at the Bodega Marine Laboratory 
investigating the genetic variation of lobster 
populations for possible use in stock 
identification (see R/FA-4). 

Assistance in this program was from Dr. 
Richard Cooper and the Manned Underseas 
Science and Technology dive team at NMFS, 
Woods Hole along with support diver Joseph 
Libbey of the Smithsonian Institute, and 
diver-research assistant Mary Anne Benton 
of the Department of Conservation of Natural* 
ResQurces at Berkeley, John Hughes of the 
Marthas Vineyard Ha^tchery supplied juvenile 
lobsters, space, and equipment. The gene- 
tics laboratory at Bodega Marine Labioratory 
staffecf by Drs. Martin Tracey, Keith^ Nelson 
and Dennis Hedgecock provided the bio- 
chemical data. 

Stock sampling 
and survey 

Lobsters were collected between October, 
1973 and June, 1974 with the use of SCUBA. 
The collections were from Woods Hole, 
- Mass, and Damariscotta Island off Boothbay 
Harbor, Maine. ThBse were sent to the 
Bodega Marine Laboratory for electrophore- 
tic analysis of allozymes. 

Tyvo transects were constructed running 
eastward from the Weepecket Islands 
located approximately 3 nautical miles east 
of Woods Hole, Mass. at a depth of 40 ft. 
Each transect consisted of a 50 m line 
marked off at feach meter. Areas along the 



transect examined for lobsters were a meter 
on either side of the transept line which 
resulted in 100 m per transect. Each meter 
square was surveyed on a regular basis, dens 
were located by observing the presence of a 
lobster and the den mari^ed. The den mariner 
was constructed using a lead weight, 
monofilament line holding a piece of 
styrofoam with a number made with Dymo 
tape. 

Lobsters vyere caught then marked using 
rubber bands placed anterior to the claw 

' color coded for rapid future identification 
along with recording sex, carapace length, 
and position of the crusher claw. Surveys of 
this area resulted in information on 1) 
population density, 2) den occupancy, and 3) 
movement. 

rt v\(as only possible to obtain 240 
sixth-stage lobsters for this study as the 
Martha's Vineyard Hatchery experienced an 
unexpected vvipeout of the larv'afe. Juvenile 
lobsters were placed in six tr^ys consisting 
of 40 lobsters per tray. Each contained four 
habitat types constructed from ^stones of 4 
average diameters of .8, 1 .4, 3.2, and 7.6 cm. 

• Two trays were left uncovered, two were 
covered but had openings which allowed the 
lobsters to escape, and two were covered to 
prohibit the escape of the lobsters. The 
trays were then placed in Sengekantacket 
Pond, the site of yearly juvenile introduc- 
tions by the hatchery. The trays were 
observed periodically to determine lobster 
behavior. 

Electrophoretic 
analysis 

The results of the electrophoretic analysis 
appear in a paper submitted for publication 
(Tracey et aL). These results reveal several 
significant finds pertinent to this study. The 
average proportion of heterozygous loci per 



individual Is 3.8%. From this information I 
can conclude that the level of genetic 
' variability is too low to expect to identify 
individuals using protein markers. There is 
one variable locus, phosphoglucomutase 
(Pgm) that could be used as a marker to 
identify introduced lobsters. This could be 
accomplished as follows: Woods Hole and 
Martha's Vineyard lobsters possess the slow 
moving allele {Pgm^«>) which is fixed, there 
are no heterozygotes so far detected in this 
population. In the Maine population both 
slow (Pgm^^) and fast (Pgm^^ alleles are 
present. The frequency of Pgm^^ is .16 
which indicates that a homozygote for thd 
rare allele could only be expected to be found 
in 3% of the individuals in the Maine 
population. However, finding this rare 
female with eggs, or a mating homozygous 
pair would be extremely valuable as 
offsprings having the Pgm'^^ marker could be 
used for introductions and the survival 
monitored. This program is well worth 
continuing as we have the beginnings of 
what could be a valuable contribution to 
fisheries biology; the concept of using a 
permanent genetic tag. 

Underseas 
study 

The underseas baseline study for monitor- 
ing survival of introduced lobsters was 
successful in a number of ways; underwater 
techniques were developed'along with 
providing the new investigators with exper- 
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ience dealing with lobster behavior and data 
on the population structure, density, den 
selection, and movement for a prescribed 
area. The results appear in Tables 1 and 2. 

From these limited results on two 
transects several suggestions can be made 
regarding the lobster population of this area: 

1) lobster densities range from 8.3 to 15.'1 
perioam^, 

2) suitable lobster dens are available of 
which only on an average of 25.2 to 
27.5% are occupied at any one time, 

3) lobsters change dens frequently, only 
an average of 23.3 to 44.3% of the 
lobsters found ocjcur at previously 
marked dens. 

The average lobster density is relatively 
constant with many dens unoccupied. This 
suggests that lobsters are spaced within a 
particular environment. There is no evidence 
to suggest that adding lobsters to the area 
would increase the carrying capacity. The 
carrying capacity has hot been established. 
This area could be used in the future for 
introduction experiments, however, due to 
poor visibility a new area should be sought. 

Juvenile 
introductions 

Controlled releases of juvenile lobsters 
along with observations on their habitat 
selection, "Tiredators and competitors are 
potentially valuable for adopting standard- 
ized releasing techniques. These experi- 
ments also provide baseline data for future 
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44.3 f 23,4 


'27.5 f 7.9 



Table 1 . Results from two 100 m^ transects at Weepecket Is , Woods Hole, Mass. 



release experiments with genetically tagged 
lobsters. 

it was found that 6th stage lobsters 
preferred to seek shelter beneath the larger 
rocks evert when several were crowded under 
the same jock. The major space competitor 
was a small shrimp, Crangon septemsplno- 
su$. Also seen In the tray? which could be 
competitors or predators were the blue crab, 
Callinectes sapidus and the hermit crab, 
Pagurus poflicaris. Ojthers are . ho doubt 
present but were not observed In the trays. 
No actual predation was observe, but 
Homarus was seen to Interact with Crangon 
with the lobster gal ning access to the space. 

These experiments need to be continued , 
with more diverse habitats being ^tested, 
testing the behavior of the lobsters ^t other 
stages, and with the trays more carefully 
constructed to achieve the desired admis- 
sion and exclusion of all drganlsms. 

Lobsters Tagge<j^ 
female 
male 

Recaptured in the sameden 
Days between recaptures 



29 
17 
12 

, 12 

6.8 ± 5.5 
(range 1-1.6) 
. 3 

, 9.3 ± 4.6 
(ranfle4-t12) 
13(45%) 
55.0 ±12.7, 
56.0 ±11.4 

Table 2. Results obtained from tagged tobsters. 



Recaptured in other dens 
Days between recaptures 

Lobsters not seen after tagging 
Carapace Length females 
Carapace Length males 




Lobsters are introduced Into the experimental habitat 
before being placed underwater 




The four types of habitats are visible IrP the uncovered ' 
tray. 



Use of The/mai Effluent in Aquaculture 



San Diego 
State University 
R/t^A-W 



Richard F. Ford and 

Jon C. Van Olst , - 

A model of university/industry cooperafiqn, this experimental io6ster*rearing project Jhas 
yielded sufficient data on the beneficial effects on lobster growth of thermal effluent from 
coastal power plants and promfses an immir^ent three-phase scheme for a proposed pilot-scale 
commercial facility. . . 



.Research on lobster aquaculture is contin- 
uing at two major marin? culture laboratories 
developed and operated by* San Diego State 
University, In iyit new laboratory at the^ 
Enclna Power Pfant of the San Diego Gas & 
Electric Company, Carlsbad, California, 
basic and very encouraging information Has 
been obtained regarding the usefulness of 
power plant thermal effluent for aquaculture 
of the American lobster. We have raised 
larvae from the same parent In thermal 
effluent seawater and in seawater at our SIC 
laboratory heated electrically to the same 



temperature. We found that growth ^nd, 
survival were essentially the same In water 
from both sources. Juvenile Jobsters cul- 
tured in thermally enriched water far .six 
months at 22*C grew an average of 20% 
larger than thbse raised in ocean water at a 
meart ambient temperature of ISTC. Wate^ 
quality analyrses for toxic Ij^avy metals, 
including copper, zinc, and cadmium, 
indicate that their concentrations are essen- 
tially the same In water from SIC and frojn 
power plant effluent. These resujts are very 
promising and suggest ihe advantages of 
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using wastQ heat from the power plant to 
enhance lobster growth are not negate* by 
adverse side effects. sj/ 

Ambient 
temperatures 

' In our laboratcfry at the Seripps Instltutioa 
of Oceanography, several hundred lobsters 
have been held for oyer two years in seawatef 
of 'ambient o6eaa temperatures. These 
lobsters, many of whfeh are now- approxi- 
mately one^half pound in weight, were ' 
cultured from eggs which were hatched 
successfully on May 1, 19^2, and. were 
-mass-reared in *10-feet-diameter swimming 
polls for eight months before transfer to 
individual cJuJture containers. We have had 
an opportunity to conduct taste tests on 
these cultured lobsters and discovered that 
after two years of feeding on artificial foods, 
confinement in small containers, pxygen and 
nutrient waste stress, from pump failures, 
and many other potential problems, the 
lobster meat had extremely good flavor, had 
good firm texture, af}d a pleasing white 
color. There was no evidence of undernour- 
ishment in the claw meat, som^etimes 
observed in wild-caffght lobsters: Analyses - 
for heavy metgl and chlorinated hydrocalton 
concentrations possibly resulting -f/oni sfea-. 
water pumps anrf lines will be dorie in the 
near future. This information is extremely, 
encouraging because it^ suggests that our 
. cultured product is equal in quality to 
lobsters supplied By the fishery, 

Sfx-month • V 

survey - ^ ' ' 

Recently we completed a six 'month 
growth survey of lobsters hatched in our 
laboratory in Febru^, 1974; and f^d on ten 
differertt natural and artificial diets.which we 
believed might have potential as foods for 
commercial culture. Our results show 
conclusively that feeding lobsters a diet of 
lobster meat yields the best growth observed ' 
thu$ far, jvrth our standard controf diet of 
brine shrimp not far behind. It is encouraging 
to note that two dther diets,, which 
^corporate the frozen flesh and external ' 
skeleton of. the pelagic, red crab, *Pleuron- 
codes planipes, also produced good growth. 
The remaining* diet^, developed by Purina ^ 
and Louisiaha State University, were sub- 
stantiafly poorer in promoting growth. The * 
use of pelagic red cra& as a standard or 
s,upplemental feed iri lobster culture may 
prov^ quite beneficial, Carotenoid. pigments 
are present at levels as high as 21 mg/100 g 
in this.foqd. The availability pf the product 
wilj be increased with the establishment of a * 



^ processing plant in Mexico by the Moore- 
' Clark Company, h^imum su^tafhabfe yield 
for the red crab fishery has been estim^teS at 
between 30 and 300 thousand tons per^ar. 
We are continuing to test the usefulness ot 
red crab as a potential lobster food. We have 
recently made arrangements to have our 
various' diets analyzed for carotenoid pig- 
ment ahd protein'content. 




Flgu^ 1.— Oltgrtfnmatic representation of a lobster 
production fdcitlty to produce 100.000 pounds per year 
onafourdcresfte. '-^^ 

Effects - ' * 

of fecKling ^ 

Several of our experiments In mass rearing 
of Stage IV lobsters for. six-month peri9ds * 
were surveyed" for final /esult3 'during 
1973-74, Much of this work'ha's* erftphaaized 
the effects of fading levels on canrrit5atlsm 
in mass, rearing, .The first experiment in 
which three different food dos^s were given 
showed that 6xtreme underfeedlrlg causes • 
much gfeater cannibalism but that'^fe^dlng at- ' 
up to five times the normal daily consump- 
tion rate does* not reduce cannibalism'' 
significantly. Based on this information,' a * 
more detailed -study was devised. Although 
growth was directly correlated with food 
dose,' survival was best at a feeding level of 
2.5-1 07o body weiflht fed per day (dry weight 
to wet weiflht basis), and was lower on either, 
side of this^ value. It appears that' low 'fcxod 
doses limit survival as expected, but that* 
overfeeding also lowers survival, perbaR3 ' 
due to fouling of the culture systerp, Further 
studies are planned -to verify these 'results 
and also, to evaluate the effects of substrate 
type, terfiperature, and photoperiod on the 
survival of lobsters in mass rearing systegis. 
Other ^results on the effects of substrate 
type, stocl<ing density, foraging a/ea. and 
subsjtrate density are being prepared for 
p'ublicatiOTK Based on our resulte and the m 
v^ork of others, we are well on our .way to i 
designing a finaJ systerri for mass rearing of 
juvenile American lobsters. 

Disease studies are continuing in conjunc- ^ 
tion wjth Drs. Harriette C. Schapiro and"^ 
Frank Stpenbefgen. Their help has been 
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♦valuable to u^ this -year det^ermining 
speqyfic disease problern^ and treatment 
techniques. As yet, wp have had no 
InfectlORS jDf ouT cultured lobsters with red 
tail disease, causejd by «^he bacterium • 
Pediococcus howarL ' ^ ^ ♦ 

Three-phase . ^ ^."^ - ' 
scheme , •* . 

. " /After several years of research on Hom^rus 
culturS^M SD$U, we belifeve'that we jiaye 
gainecf.sufli^ient knowledge so that \^e can 
ndw propose a thcee-phaSe scheme for. 
commercial production and .evaluate, this 
scheme on a pilot scale. , ; , • 

• An artistes conce^Jtion of how this might 
be adap^d it k typicaj power plant site is 
shown in pjflure 1. Our research has shown 
tha{ larval cglture is best dond in the^^tems 
designed by John Huges of the Massachu- 
, setts State Lobster Hatchery. With sufficient 
•disease treatment, of the berried females-an^ 
the newly -hatched larvae, coupled .\Ajith 
ultraviolet irradiation of the 22;24*C culture 

^water, larvae stocked at densHies^of 
^approximately 3,000 per container should 
regularly result in about 2,000 individuals of 
Stage IV for stocking in the second phase of 
'the process. . ' . 

Raceway ^ 

troughs ' * ^ 

T-hese Stage IV juveniles will be stocked in 
raceway trough systems. This sQCOnd phase, 
lasting approximately six months,' will 
involve ^ mass-reafmg or communal-rearing 
approach. Durjog this time, even with high 
levels of supplemental, .feeding, relatively 
high los^ses'd^e tq .cannibalism csfn be 
expected',' but these losses come af a tjnrf^* 
^arly in the growth of. the-lobstei-s. Thus, 
they arfe tolerable'iQ terms'of labor and feed 
expendituips at this stajge In the culture 
^prqcess.' I? the anrjiial produdtibn required 
*'were t00,Q00 -pounds,/ this ma§s-rearing* 
p,base'm|ght be acoomplished in ,3ix 
raceways, eagh measuring 25 ft x tOCT ft. 
Losses due to cannibalism may be advanta- 
geous b^gause. In effect> they represent a 
procdss^ of natural siBlection which elimin- 
ates those animals Ipast well-adapted to the 
artificfal culture environment. The survivors 
grow to a larger size by consuming what vve 
h'dve shown to be the most nutritious foddf 

• available, the flesh of other lobsters. 

Indlvfdual - - ' 
rearing ^ 

the end .of the si5(-month period, e^ch * 
sui^ivdr of the mass-rearing phase has 
bec6mlBsO large.that further lossea would be 



economically prohibitive.^ Thus, at this time 

' " individual ^r slngle^cell Irearing' is manda* 
tory. Several sp.ecifioi^chemes for this labor 
and capltal-inte'hsive phase have evolved in 

' the course of dur work. One, the "care-0- 
cell" {Flgurp 2)* consists of a matrix of 
^perforated fielding cages,^which float at the 
surface of a 'large clrcular tank patterned 
after sewage treatment primary clarifiers, 
and which are rotated by a gear motor. As 

, they rotate, the fhdividuarcQmpartments 
p^ss beneath radius arms suspended' oyer 
the tank, the arxns supply oxygenated water, 

. ' hold automated food delivery hoppers, and 
also allow human access for stocking and 
harvesting. Four-foot- ancJ-five-foot-diameter 
mo'dels of this system have been construc'ted 
^nd perform satisfactorily, A ten-foot- 
diameter model isjunder developmen^t. 
Present research concerns efficient waste 
removal and hydraulic design of the water 
delivery sygtem^ ^ 

Several aspects of our research^ have 
yielded data which are useful in establishing 
economic models 'of lobster production 
facilities so that reliable cost*beneflt analy- 
ses can be conducted'. We are continuing to 
provide information to Dr. Warren Johnston. 
of the University of ealifornfa-DavIs in this 
regard, just as 'we are working .with Dr. 
Douglas Conklin of the Fodd Sciertces 
Department at UCDon the development of a 
suitable dry, artificial rsftion which is 
adequate for commercial lobster culture. 

Papets * . " 

.puDlished 

Two papers were pu&lished in the journal 
Aquaculture this year. Thfey are entitled "A 
recirculating culture system for larvae" of the 
American lobster Homarus amerlcanus,*' and 
, "An automatic feeding device and the'use of 
live and frozen Artertiia for culturing larval 
stages of the American lobster, Homarus 
americanuSf" both authored by Steven A. 
Serfling, Joi) a Van Olst, and Richard F. 
F&rd. Several other papers ar^ being 
prepared on the Results of food development, 
mass-rearing, ^ind thermal effluent studies. 
Summaries of these papers ^were given at 
lobster research fionfenesnces at Bodega Bay, 
California-, and Kingston, Rhode Island. Our 
key personnel visited all of the major lobster 
culture faboratoriips In the U.S. and Canada 
during, the past year and information was 
exchanged with many different researchers. 
Several hundred people toured our laborator- 
ies during, the year. Among them were 
representatives from Sea Grant Porgrams 
throughout the United States, the Canadian 
Fisheries Research Board, the University of 
Rhode Island, as well a$ scientists from 



Canada, Australia, Scotlartd, Britain, France, 
Mexico, Panama, and other countries. ?JI of 
these scientists' were quite interested in our 
work and many new lines of communication 
have been established. 

Pilot > 
operation 

During the past^ year we have worked 
closely with and ^received supplementary 
funding from a New-York-based company, 
Homaru^, Inc. The principals of this 
company now feel that enough progress has 
been made so that, in cooperation with the 
aquaculture group at SDSU, a pilot-scale 
operation incorporating the"car^O-c^ir' will 
be constructed, A suitable site and funding 
are now being sought. In thiS way^ many of 
our culture ideas and methods will be put to 
the final practical test. 




Figure 2.--Dfagramm«tic rtprtsentatlon of a 10O«foot 
diameter "care-O-cetr capable of rearing 8,000 
lobsters to marlcet size. 



Oyster Mortality Problems ^^fffy 
At Pacific MaricUlture Facility, Pigeon Point 

Louis DiSalvb 

An inquiry into potential causes of lan^al oyster mortality made possible the continued 
operation of a hatchery which otherwise would have been closed. The study provided baseline 
determinations applicable to future problems. 



Personnel of the Naval Biomedical Re- 
search Laboratory of' the University of 
California, School of Public Health, func- 
tioning on a two-month emergency Sea 
Grant (#RR-1), evaluated the culture system 
at the Pigeon Point Hatchery of Pacific 
Mariculture, Inc. to determine potential 
causes of larval oyster mortality. A few 
preliminary empirical experiments were 
carried out on some variables related to larval 
dyst'^r growth, survival and setting ability, 
and a few specific measurements of 
opportunity were carried out on potential 
sources of problems. 

Mortality 
cyclical 

The program allowed continued operation 



of the hatchery which would otherwise have 
been closed. During the period of the grant, 
it was demonstrated that the mortaljty was 
cyclical, not appearing during the period of 
the grant. Successful operation of the 
hatchery during the period of the grant 
allowed for baseline determinations applica- 
ble to future mortality problems, and 
resulted in the establishment of the hatchery 
as a research station at least temporarily 
supported by private funding. 

Results of investigations on the larval 
mortality problems will (a) be applied within 
the Pigeon Point hatchery in order to regain 
profitable operational status and (b) will 
serve as potentially valuable information 
for the control of larval mortality problems 
in other bivalve hatcheries. "^-^-^ 
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Beneficial Uses of Sewage Sludge^ ^^TfI% 
Sewage Waste Waters, and Kelp Drift— 
An 'Aquaculture- Experiment / 

R. W. Holmes and . • • . , 

R. Cooper * . 

An algal-periphyton system, in which plants cultured in a sewage-seawater growth medium are 
fed.io tnusseJs and Juvenile abatone, is tested for a year. The food is successfully assimilated 
and animal growth rates^compare*^ favorably with those obtained in local waters. 



An obtdoor,. Continuous culture system 
was Resigned to provide a phytoplankton 
food source for mussels, and a periphyton 
food source for juvenile abalone. Ten percent 
primacy' treate<J sewage effluent was mixed 
with 90% seawater (salinity 33%). This 
"nutrient media" was continuously fed Into a 
200-liter plastic drum, whierd periphyton were 
grown on glass microscope slides. The 
effluent from this periphyton drum was 
gravity fed into three other 200-liter plastic 
drums, where phytoplankton were grown. 
Initially the^phytoplankton drums containing 
the sewage-seawater mix were Inoculated 
with a phytoplankton tow from the Santa 
Barbara Channel, and allowed to sit for three 
days. Then continuous flow was beguh, wjth 
100 liters per day being washed out of each 
phytoplatJkton drum. The phytoplankton mix 
was gravit^^feo to other drums containing the 
mussels. 

Periphyton 
biomass^ 

Periphyton biomass was measured by 
suspending glass microscope slides in the 
periphyton drum. Algal growth on these 
slides began to slough off after eight to ten 
days. The dry weight of material on the 
slides after ten days' growth was 4230 mg/m^ 
at the surface, 2680 mg/m^ at 10 cm, and 
2580^ mg/m^ at 20 cm. Growth rates of 
periphytic material as measured by chloro- 
phyll a determinations were as follows; 1.79 
doublings chL a/ day at the surface, 1.39 



doublings chl.a/day at 10 cm, and 1.83 
dpublings chL a/day at 20 cm. 

Three different surfaces were compared as 
, to the amount of periphytic chlorophyll a 
growing on each. Plastic slides and etched 
glass Slides supported almost twice as much 
periphytic chlorophyll a when compared to 
smooth ,g lass microscope slides. 

Growth of Juvenile abalone (1.80-4.28 cm. 
shell length) was examined under different 
growth situations. The abalone were divided 
into three groups as follows: 

Group I - fed kelp [Macrocystis sp.); 

abalone kept in running filtered 
seawater. 

Group II - fed periphyton grown on glass 
.slides; abalone kept in running 
filtered seawater. 
Group III - fed periphyton grown on glass 
slides; abalone placed directly 
in periphyton tank. 
All groups were fed in excess. Average 
increase In shell length after 45 days was as 
follows: 

Group I - 0.74 cm. Group II - 0.77 cm, 
and Group III - 0.10 cm. 

The abalone placed directly in the 
periphyton tank did not grow well and several 
died. This possibly was due to oxygen 
depletion at night or toxic substances in the 
sewage-seawater mix. 

Phytoplankton 
harvested 

The phytoplankton was harvested from the 



Table 1 

Absolute antt Relative Growth Rates of Mussels in the Ocean 
and in the Maricuiture System 





^ Growth Rate (mm. /day) 










(Standard 




(Standard 


System Rate/ 




Ocean 


Error) 


System 


Error) 


Ocean Rate 


Date 


0.29 


±0.02 


0.18 


±.02 


0.62 


September, 1973 


0.19 


±0.01 


0.07 


.01 


0,37 


Jan.-Feb., 1974 


0,21 


0.02 


0.08 


.02 


0.38 


March-Aprll, 1974 


0.35 


0.08 


0.23 


.01 


0.66 


May-June, 1974 


0.40 


0.06 


0.34 


.01 


0.85 


June-September, 1974 
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surface of the continuous culture algae tanks 
and fed to the mussels 4.n a continuous flow. 
In the early experiments, the rate of mussel 
growth (measured as the change in mms, of 
the longest length peVday) in the mariculture 
system was, relatively poor compared to the 
growth rate of control grbups in t.he ocean. 
Reducing the concentration of algae, in- 
creasing the oxygen concentration, and 
increasing the current flow in the mussel 
tanks produc^growth rates comparable to 
those observeoTn the ocean (Table 1). 

Population 
sampling 

During this second year, Ann Child (a Sea 
Grant Trainee) has extended the analysis of 
differences in the^population structure of the 
amphipod Orchestia Traskiana as a portion 
of her doctoral project. With the use of 
isozyme analysis and ecological transplan- 
tation experiments, she has found that two 
^sely proximate populations (e.g., from a 
ffeshwater stream and from a nearby ocean 
bMCh) can be markedly different genetically. 
M6re specific information on that subject is 
contained in her report. 

Suitable 
techniques 

A major emphasis this past year has been 
a search for suitable culture techniques for 
these animals. Floyd Dewitt used defined 
conditions and compared growth rate, 
longevity, and food adequacy for animals 
grQwn on different substrates. He also 
checked these parameters for animals grown 
on SQwage sludge as a comparison. In all his 
cultures, however, mortality was high. This 
was particularly true for those animals which 
subsisted entirely on sewage sludge. 
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Growth curves for sexually mature males (top curve) 
and females (bottom curve). These animals had left the 
female brood chamber the previous June. Each pomt 
represents ihe average length of. 15-20 animals. The 
same lot was measured each week. 



An inexpensive stack system culture 
method was generally successful and holds 
much promise. Although mature animals 
which mated and produced young did not 
survive long after that time, their offspring 
did very well, Atjhe end of a 9»montfi period 
more than half remained aHve. We now use 
this stacked culture system routinely in our 
amphipod studies. 

Growth 
rate data 

.Floyd DeWitt gathered specific growth rate 
data for sexually mature individuals (see 
^ Figure 1). From his results, it is evident that 
females reach a maximum size somewhere 
between 7 and 8 mm cephalothorax length 
(although larger females are sometimes 
found in natural populations). Males, on the 
other hand, continued growing and had no 
apparent reduction in the rate of growth in 
the larger size classes. It could well be that 
females expend their food energy intake in 
egg production while males expend theirs in 
growth. 

Sex ratio 
phenomenon 

In a 1972 publication {Jhe American 
, Naturalist 106: 321-350), we outlined the 
phenomenon of sex ratio being a function 
of size in marine crustaceans. Each species 
seems to Hiave a characteristic ^'probability 
curve" which varies little with season or 
geographic location. In that paper (pp. 
343-344, figure 20), the data for Orctiestia 
trasldana indicated that females were 
relatively abundSnt in the 6-9 ftim range and 
males prevailed in the larger size classes (see 
Figure 2). 

The reason for the dip in the probability 
curve is now clear. Females in the UCSB 
Lagoon pond population reach j^n average 
maximum size of about 7.5 mm cephalo- 
thorax length as shown in Figure 1. This size 
corresponds closely with the center of the 
dip in the probability curve for that same 
population, as shown in Figure 2. Females of 
that size range apparently accumulate in the 
population upon reaching maturity, but 
males continue growing through that size 
range. Sex reversal need not be postulated as 
suggested in an earlier report (14 November 
1973). Neither would it be wise, as suggested 
in that same report,, to harvest large animals 
indiscriminately on the assumption they 
would all be replaced by females which 
would grow larger and become males. 

Throughout the study, the e.xperimental 
results have been similar. Animals died off 
with time at varying rates, depending upon 
the presence or absence of substrate 



materiaK Survival of animals fed seaweed or 
newspaper was better than for animals fed 
sewage sludge. However, no grovrth could 
be detected for animals measured either of 
the iwo ways for any ffeld caught -animals 
during the course of the study. 

It would seem that a defined culture in the 
laboratory requires some unknown factor or 
factors (which may makq them habitat-speci- 
fic as found by Ms. Child), Presumably a 
strain of lab-adapted animal ^could be 
developed, starting with the oftepring of 
field-caught berrlfed feitiales. 
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Seaweed Resource Management ' ®^"%%'Sfi^ 

M. Neushul 

Working in close cooperation with commercial kelp harvesting finns, the Seaweed Group has 
carried out studies of mutual bepefit to industry and academe: through inventories and 
experimental han/esfs, scientists have been able td estimate the standing crop of Macrocystis, 
rate of regrowth and plant mortality, whibh will form the basis of a resource Mtillzation model 
for this most valuable Califomfa marine crop plant. 

This past year has been very productive 
from the standpoint of actual work accom- 
plished and because of the opportunities 
which we have had to present our work and 
receive, the comments and suggestions of 
members of the international community 
with Interest In marine algae. The aim of our 
program \s to develop the Information and 
techniques necessary for management, 
cultivation, and optimal harvesting of 
seaweeds In Callforpla. Our approach 
combines biological and economic consider- 
ations In studies of marine algae which we 
have Identified as ha^^ing actual or potential 
commercial value. In our studies we use both 
laboratory and field Investigations to exam- 
ine these resources. 

Valuable 
species . 

One of the potentially valuable marine 
plants Is Porphyra nereocystis, a California 
species of the algal genus which is the basis 
for Japanese Industry, the landed value of' 
which Is over 250 million dollars/year^ 
During the past year, we have continued our 
studies of this plant, and have determined 
the standing crop, seasonal abundance, 
reproductive period, and distribution of P. 
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nereocystis along a 20km stretch of 
California coastline. We have harvested this 
plant, made commercial "nori" sheets fi9m 
it, and evaluated the feasibility of a 
5i[nsitP§e^e harvesting operation. Using this 
information we have determined that over , 
390,000 norl sheets could have been 
produced from the study area, with a value In 
exces^f 23,000 dollars. Aerial photographic 
technUiiues have been used to begin a niore 
conipiete resoilrce Inventory.of these plants. 
Froh ocir studies we have also been able to 
formulate management concepts and guide- 
lines which may substantially Improve the 
tiictent and value of this resource. Our Insight 
Into the overseas market for Porphyra may be 
significantly Improved In the near future, as 
Mr. James Woessner, a Sea-^rant Trainee 
with, our program, has apfjlled for a 
scholarship from the Japanese Department 
of Education foV one year's study In Japan. 
He Is receiving the support and assistance of 
Dr. M. KurogI, who is the foremost Japanese 
authority on Porphyra. ^ 

Water motion 
tank built 

Laboratory studies of Porphyra have been 
carried out in a large water motion tank built 



ERIC 



this past year. Using this tank we have 
obtained growth rates under various light 
and water motion regimes, followed regener- 
ation of cut plants, and developed a 
technique for "gluing" plants to artificial 
substrates. We have also used the tank for 
studies of the agarweed Gelidium robuslum, 
and while vve have not yet completed 
extensive growth studies, we are pleased 
that this water motion tank enables us to 
.maintain these plants in the lat) for extended 
periods of time. 
Our instrumentation effort, directed 
'toward thq measurement of the various 
physical parameters in benthfc communities, 
is improving rapidly. We have obtained 
continuous light measurements by radio 
telemetry from our offshore site. We have 
sampled six different spectral regions with 
our multiple sensor unit, and used this data 
to develop a mathematical formula which 
allows description of the total distribution of 
light intensity vs. wavelengfh in the region of 
biological interest. With the cooperation and 

—•assistance of the Physics Instrumentation 
Program on the UCSB campus (a graduate 
program), we have added temperature, wave 
height and wave surge monitoring capabil- 
ities to our telemetry system. The total 
multiple sensor gnit is being prepared for 

' offshore installation. 

Local species : 
draws attention 

A great deal of attentioh has befenltocused 
on our local species of California's most 
valuable marine crop plant,* Afacrocysf/s^ 
Using a newly developed "water tunnel", we 
have investigated the productivity of Macro- 
cystis angustifolia in the laboratory. and in 
the field. These measurements indicate that 
the very rapid growth rates of this plant may 
be related to unique characteristi9s of its 
photosynthetic process, which have befen 
reported previously in the most productive 
land plants. With the water tunnel, photo- 
synthetic rates of Macrocystis have been 
measured under varying light and water 
motion conditions. It appears that, water 
motion, and its effect on nutrient uptake may 
be a limiting factor for the present growth of 
populations of ,Afacrocysf/s pear Santa Bar- 
bara, AddiWorial large-scale studies of 
Macrocystis have been conducted with the 
cooperation and assistance of two commer- 
cial harvesting firms— Ocean Labs Inc., and 
Keico Co, We have carried out experimental 
harvests in two local kelp beds using the 
commerciaLharvesting vessels. 

By combining the results of these harvests 
with aerial photographic and ERTS (satellite) 




. Ocean Labs kelp harvester removing a specific region 
of kelp canopy from the study site In Goleta Bay. 

data,^and extensive, subsurface measure- 
ments in these populations, «we have been 
able to estimate the standing crop and 
percentage of material removed by harvest- 
ing, and measure the rate of the first canopy 
layer regrowth. The datai collected on the 
harvesting yields, plant spacing, density, 
vertical and horizontal distribution, and plant 
mortality will form, a part of our resource 
utilization model for Macrocystis. 

Results 
are shared 

The results of our studies have been 
widely disseminated ^his year. We have 
presented nine papers , (two by special 
invitatioft) at scientific meetings, and given 
lectures for a career guidance program and a 
gromj interested in marine algae as a food 
source. A listing of the presented papers and 
those in press is given in the appendix 
which, with the abstracts, gives additional 
information on our studies. We helped 
arrange, ,artd conducted a meeting of the 
California Seaweed Group whfch-wa$ held 
concurrently with the Western Society of 
Naturalists meetings in San Diego, At this 
Seaweed Group rtieeting, we sought and ^ 
received support for a formal invitation to the 
International Seaweed Symposium Commit- 
tee, to hold the 9th international Seaweed 
Symposium at Santa Barbara, , , 
Thanks to the provision of special travel 
funds by KeIco and E G,&G, Inc,,- .five 
members of our^roup at Santa Barbara were 
able to attend the 8th International Seaweed 
Symposium in Bangor, Wales, In addltion'to 
the regular meetings, special sessions on 
Macrocystis and plant mariculture were 
attended, prior to and after the symposium, . 
members of the Santa Barbara Seaweed 
Research Group were able to visit many-*^ 
investigators in Europe. These visits were ^ 
^ery productive, and as a result we are doing ^ 
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some small cooperative studies on Macro- 
cystis production and Have exchanged useful 
Information on marine telemetry. During the 
symposium, the formal Invitation for the 9th 
Seaweed Symposium was extended io and 
accepted fay the Governing Committee. The 
Phycotoglcal Society of America and the 
International Phycotoglcal Society have 
revested joint meetings with the Seaweed 
Symposium, which will make the gathering a 
significant, large-scale International phyco- 
loglcal Qongress. We are extremely, pleased 
to be able to brfng this International 
confereno^ (which emphasizes Interchange 
between basic and applied interests) to 
Santa- Barbara In 1977 and look forward to 
much fruitful Intercampus cooperation In 
planning and having these meetings. ^ 
In summary, we are pleased with the work 
accomplished during the past year and look 
forward to Integrating the results of this wori^ 
with our studies In the coming year. 

Professional Placement ^ 

James Cowen, Staff Research Associate, Dr. Folsom, 
Scripps institution of Oceanography, la Jolla, 
Catifomia/ 




Sea floor light unit with six spectral region sensors 
shown ducjng early trials before its installation on the 
sea floor. 



Agarweed Resource Management state SveK 

Donald C. Barilotti * R/FA-ia 

Insight is gained into the effects of environmental factors such as light, water motion and 
temperature, and grazing on natural populations of aganweeds with an eye toward management 
of the natural population. 



Agar producing companies In the U. S. are 
now faced with either decreasing production, 
or es.tablishing domestic sources of agar- 
weed for the production of pharmaceutical 
grade agar. Pharmaceutical agar Is a vital 
material for microbiological studies 
, hospitals and research laboratories. 

This project during the past two years has 
been dWjacte^ toward increasing domestic 
production of agai^eeds through manage- 
ment studies of naturaf resources and 
marlculture studies of plants under labora- 
tory conditions. Results of the resource 
management studies are now serving as a 
basls.for recommendations to the California 
Fish and Game for changes In harvesting 
regulations and to harvesters for Increased 
yields. Laboratory growth rate studies Have 
provided us with. preliminary Information on 
expected yields from marlculture exploita- 
tion of agarweeds. 

Regeneration 
studies 

Studies of regeneration after harvesting 



Indicate that regrowth of Qetldlu/n robus- 
turn, the primary agarophyte for the 
production of pharmaceutical grade agar In 
southern California, Is mainly due to 
regrowth of axes from the basal portions of 
the plant that attach It to the rocl<s. 
Recruitment via spores Is minimal due to 
limited dispersal of the non-motile spores 
which are released in the spring of the year. 
Recommendations to the California Fish and 
Game are th^t the regulations be rewritten to 
Insure that removal of rhizoldal attaching 
organs during harvesting Is minimized. 

Growth rate studies in a variety of habitats 
In southern California Indicate that vegeta- . 
tlve regrowth of the plants Is on the order of 
10 cm a year. From these growth rates a 
harvester should not expect to harvest an 
area more often than every two years If they 
are trying to optfmlze^ their .returns. Jhe 
biomass of agarweeds^ contaminating or- 
ganisms growing on the agarweeds, and agar 
content 'have been determined with depth 
and season to provide the harvester with 
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quantitative information needed to direct 
harvesting operations. Since harvesting 
operations for agarweeds are conducted by 
divers, an optimal harvest strategy must 
consider wave and swell conditions that 
rnlght mitigate safely harvesting (n shallow 
water where the agar yield per unit area 
would be highest. 

Marlculture 
potential 

Preliminary studies of mariculture poten* 
tial have been conducted with Gelldlum 
robustum. Disease, problems characteristic 
of animal mariculture ventures has not t>een 
discovered, however, the plants are very 
sensitive to contaminants in the water. 
Kerosene at less than 2 ppm and copper 
compounds from a'pump Impeller not toxic 



to animals sucli as lobsters and sea urchins 
stop the growth of Gelidium, 

Baged ,on current agar prices and 
optimistic c-alculatlons of growth, agar 
content and plant densities, we estimate that 
one could expect a gross- profit of 
$1 ,600/acre after one year regrowth on a crop 
of Gelidivm robustum, and a return of 
$7;200/acre after two years. From this gross 
profit would have to be substracted (1) land 
costs fnd (2) costs associated with providing, 
the plants with requirements sMch as- 
water moti.on and nutrients, combating 
Invading "weedy" species, and harvesting 
and drying the plants for shipment to the 
agar produce. One of the* major problems we 
have In our pilot plant studies Is controlling 
unwanted spetjies, many of which are 
microscopic. 



Salt-Tolerant Plants: 
Problems and Potentials 



Davis 
R/FA-13 



Emanuel Epstein 

Experiments on the salinity tolerance of lomieriy landlocked plants such as barley, tomatoes 
and cotton are refined to reveal that tolerance varies with each stage of the life cycle. SuQcess 
would mean that seawater or a partly synthetic salt mixture could be used for crop procfuCtion 
without the prohibitively expensive process of desalination. 



The aim ot this project is to increase tne 
economic usefulness of resources that have 
so far scarcely been tapped for purposes of 
crop production: sea water and the shore 
env ronment dominated or influenced by it. 
The! main means whereby this aim is to be 
achieved is breeding crop plants tolerant of 
higriJy saline conditions. While most crop 
species are sensitive to salt, there is no basic 
biolcbical imcompatibility between salinity 
and Dlant life— hence the current ^Ittempt to 
combjne within the same species economic 
utilityj of a crop with a high degree of 
tolerance to salinity, through a program of 
selection and breeding. Success would mean 
that sea water could be used for crop 
production without the enormously energy- 
expensive process of desalination, 

Ifariey 
studied 

During the year covered by this report, as 
the year before, we continued to devote the 
major share of the project to barley. The 
reasons for the use of this plant are (1) its 
importance as a crop (approximately 1 
million acres in CaHfornia in 1974); (2) the 



large oacKgrouna or Knowledge ot potn tne 
genetics and the salt relations* of this 
species, (3) its known genetic variability with 
respect to salt tolerance; and (4) the 
availability, on this campus, of seed of 
composite crosses of barley embodying 
germ plasm of thousands of strains from all 
over the world, including extensive areas of 
saline soils. 

We used a synthetic sea water salt mixture 
and raised plants in conventional nutrient 
solution which were progressively salmized 
with this salt mix. This is an extension of 
previous v^ork in which sodium chloride 
afone was used for salinization. 

Less 
harmful 

We find that salinization with synthetic 
sea water is decidedly less harmful to the 
plants than salinization with only sodium 
chloride. For example, somewhat less than 
the sodium chloride concentration present m 
sea water resulted in a severe selection of 
salt tolerant individuals, only 5.8 percent of 
the plants setting seed. On the othei' hand, 
using sea water salt mix at 1.25 times^the 
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concentration of. Sea .water, ^ We observed 
seed set in 9.2 percent of the'ptentB. 

A second imtjiirtaQt finding i.s that salt 
tolerance varies greatly with tiie jstage of the 
lite cycle of the barley plant.! That Is, a giyen 
line may establisti seedlings and grow we4t 
vegetatSvely binder saline condHions but fait 
to set seed, whbreas another line m^y. be 
sensitive at &o.early itage but, once'overihls 
period, may procefed tojset seed under highly 
saline conditions. It wyf thUs be rtepes'sary^ 
th'rpjjgti breeding and|, selection, to gl^nerat^. 
barley wi^h a hi^ degree* of ,satt tolerapce aC 
all stages of tt$;ltfe .Cycld. Initial testing. of 
selected lines fpr sa)j tolerance at all stages 
of the Hfecycte is a^out fo WSgin. Y ', 

Rapid . ^ . . 

test ' ^ \ V • ; 

Preliminary suggestibiTs that at)sorption of^ 
chloride might be used as a rapid test for salt 
tolerance in barley "havB not been borne out 
by recent expe'fimentk It appears ,"tf^at only 
actual performartce in girowthtand sped set 
can servers a r§liablainde3^ of^ssal't tolerance 
(see, howdVer, bfelow). * y \ ' / 



We have also experimehts under way wl^h' 
tbmatoes and with cotton. Seed of^.the 
C^s^apagos * fslands tomato, Lycoperdipon 
choesmanii, was ffrst ihcre^ed,.Jitt^e bejng 
ayaUable, ^nd. t^er> tested for^lt tolerance 
ih comparison, with trie conventional fcrop 
sriecies^'L. escpfentum, Jhe Galapagos 

* Islands species* is considarafily rttore salt 
tolerant than \he crpp species, and Tnterfef- 
tile with it.^. This ^uggeat:& that the" salt, 
tol^ranoe^of the former can be bred irtto the 
latier. (The Galapagos Islands species itself 
is useless as a crop, bearing very small, 
tomatoes. Hence it pan be used ds a source 
of germ plasm to incorporate *saU tolerance 

•^fnto^the economically usfefuK conventipnaK 
spfecies.) ' \\ 

. ChQmdbal and biochennicaF Sassays lor 
FnJneraUeleme?»\6; <aminp acjds, and other 
cohstituents are beipg done wftfi •bailey,, 
tomatoes, and Qotton •.to discover rnetabolic 
indexes useful in characterizing salt tolerarit 
straiqs.' Assay *for the amino acid prolirve 
emerges as the single most'useful Index so, 
' far, and the tests are being continued, 



(Fishetiesy . , ^ * ^ V 

-Toxins from Marine Dinoflagellafes ^^^i'sa 

Htfhry Rapoport ' • ' . • 

In thialnte^rdisclplinary JntercftmpMS project* a liCB chemt^t and a UCSD marine biologist hav^. 
eucceslsfuiijt'deveioped a simple, sensitive chemical assai^'for saxitoxin, the paralytic poison 
present Tn ^me red-tide mfcroorg'anisms and also greatly iBStricting sbeiifish utilization at 
cert||(n tini^e of the,yeaf^> ^ ^ . - ^ / . ' * 

Our major effort during J^ais first y^r of \ • » - 

' - Dinofiageilate 

source . 

^yy6 have attempted to apply this test 
directly to. the -^inoflagellate source, G. 
• catenella. Although positive results, wer^ 
obtained on occasion, most results wer^ low 
.and erratic. The explanation- which is now 
emerging for this" behavidr is that saxitoxln 
exists in a "maskbd" form from wfiicft the' 
toxic, form is fully liberated only by a 
hydrolytic reaction. Therefore, as it stands, 
our chemical assay is not applicable to the. 
dinoflagellate. We must modify it. in som$ 
way ip order to get rejiable toxicity data. The ' 



funding has concentrated on developing a 
simple, sensitive chemical assay fpr saxitox- 
ln, the^Daralytic poison present in shetWisH at 
certain times of the^ear. Currently, a-moiise 
assj?iy Is used, This method is* qa^te * 
trouble.some and time-consuming, requiring 
material to bp sent to a central laboratory for; 
analy^ls.^ Also, the mouse assay is 'insensi- 
tive and unreliabf? at low levels ot toxicity^ 
/As a. result, a.quaraatin^ is usually 
established on^^stiellfish, based qn past 
impression^, acpordlhg to the caldndar^ . 

We have-no3?ii developed such a chemical . 
assay for saxitoxln and applied It to blams 
from Alaska and clams anb mussels from the 
San Franciscb Bay Area. Our chemical test is 
one-hundred times more sensitive than the 
mouse assay and is completely reliable at 
low levels, of toxin. It can be easily and 
raptdly (about thirty minutes) applied at 
relatively low cost and with little training. • a 



capability .of monitoring the dinoflagellate 
population is important siYice it will aliow.us 
to anticipate potential^ toxicity much e&riier 
in the fobd chain. /\.lso, knowledge of how.^ 
ihis toxicity'^is "rriasked" and */unmasked'' 
Would be of potential value in public health; 
e.g., it may be suggestive of how to 
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overcome or providiB an antidote to this 
toxicity. 

The problem is especially unsettled wjth 

* regar^l to G. polyedra, the major red tide 
organism off southern California, where the 
question of toxicity is thoroughly confused. 
We have found no toxicity in some samples, 
low toxicity 'in others, and a different .{from 
vateneUa) type of toxicity in others. Our 
results cpnflict with reports of other 
investigators. The entire question of, G. 

^ pofyedra toxicity might be settled if we can 
learn to modify our chemical tests so they 
are cyDpUcable directly to .the dinoflagellate. 
Also,, the appearance of a different type of 

'loxiciiy in some samples of polyedra could 

' be quite significant to the monitoring 
prgWem. Similar contradictions exist in 

^ reports of toxicity in G. tamarensis. We think 

• 'the entire problem xoutd be clarified by 
. l<nowledge of Just how. the toxin is "masl^ed" 



in its native state and what conditions lead to 
rt6"unmasl<ing". 

I^olafion 
method 

We have made progress in the initial 
stages of our investigation of the toxhi in G. 
breve. This progress consists in develop- 
ment of an efficient isolation method and 
resolution of the toxic principle into two pure 
components. We are now ready to undertake 
chemical investigations in anticipation that 
such knowledge will allow us to develop a 
chemical assay for these toxins as well. 

Our work with the dinof lagellates has been 
in collaboration with Dr. Francis Haxo, who 
has^rown these various organisms success- 
fully in culture. This assurance of. a 
continuous and reliable supply is a -clear 
requirement for successful completion of the 
project. 



Mass Culture 

Of Toxic Dinoffagellates 

F. T. Haxo 

Dindf lagellates comprise a physiologically 
divers^ group of some thousand or more 
species of nrricroalgae and afe important 
primary producers in the marine food chain. 
Production of toxic metabolites by certain 
'species, wUn resultant mortalities of marine 
orpanisms and public health problems, e.g. 
paralytic shellfish, poisoning, has been well 
documented. Only saxitoxin, produced by 
Gonyaulax catenella and accumulated by 
shellfish,, has been structurally elucidated. 
The identity of other dinoflagellate toxins 
remains to be established, and the reality of 
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toxin production by some suspect dinofla- 
gellates, particularly Gonyaulax polyedra, 
has been an open question. In order to 
contribute to the proper management and 
development of fisheries resources, it is 
important to gain a t>etter up^derstandlng of 
which dinoflagellate species are toxin 
pro<*ucers and under what conditions, to 
establish the chemical nature of the toxic 
products and to develop specific chemical 
assays for their rapid identification. These 
are the main objectives of this program 
which has been undertaken collabQratively 



Table 1 . 

Summanr of Uboratonr Cultured Dinoflagellate Harvests. 



Species 


No. 

of 
lots 


Amt. 
harvest 
liters 


Cells/ 
ml 


Wght. 


Dry 
Wght. 


Toxicity . 


^Gonyaulax polyedra 


7 


250.5 


1.93x10"* 


141.5 


20.20 




Gonyaulax catenella 


3 


44.0 


1.58x10^ 


9,0 


0.95 


+ 


Gonyaulax 'tamarensis < 
(Plymouth) 


2 


40.0 . 


1.02x10^ 


13.8 


1 70 




, Gonyaulax tamarensis * : 
(New England) 


1 


14.5 


4.32x10^ 


2.8 


0,22 


+ 


■ Amphid/nium car ferae 


1 


17.0 


1.47x10^ 


108 


2.52 


not yet 
determined 


Gymnodinium breve 


13 


1260.0^ 


2.87x10^ 


145.1 


27 37 


+ 
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with Professor H, Rapoport, Department of 
Chemistry, University of California, Berke- 
ley* 

Maes culture 
effort succeeds 

The mass culture effort, essential to 
furthering the objectives of this program has 
been very successful during the past year, 
improvement of existing facilities has 
essentially tripled our controlled culture 
space and increased our capability for 
simultaneous culture of dinoflagellates 
having different light and temperature 
requirements for optimum growth. Culture 
procedures have for the most part been 
adapted frorh our earlier work or from 
standard methods developed by others. The 
various species are grown as uniaigal 
cultures under constant illumination in 
enriched seawater medium (Gonyaulax and 
Amphidlnlum species) or in synthetic 
seawater (Gymnodlrfium breve) in 2.8-liter 
stationary flasks, eight to ten liter bottles or 
in 20(M!ter polyethylene drums. Cells are 
harvested by coBtinuous-flow centrifugation. 
Quantification of harvests Is accomplished 
by measurement of cell number, wet weight 
and dry weight after' freeze-drying. The 
lyophllized powder, is sent to Professor 
Rapopojt for toxicity determination and toxin 
studies. 

Examining 
stock cultures 

After preliminary examination of stock 
cultures maintained io our laboratory, a 
concerted effort was launched to obtairt 
various strains and species suspected of 
being toxin producers. Accordingly, during 
the Spring anfl Summer of 1974 numerous 
local water samples were collected and 
individual cells of dSsired species were 
isolated and brought into culture. Eight 
isolates were thus obtained - Prorocentrum 
micans, P. gracjie, Gymnodlnium splen- 
dens, Fragellidium heterolobum, Gonyaulax 
polyedra (two strains), G. catenella (two 
strains). In addition to these Ibcal Isolates, 
eight other stocks from various laboratories 
have been added to the test collection * 
Gonyaulax polyedra (three strains), G. 
tamarensis (three strains), G. excavata and 
G. acatenella, 

Gonyaulax polyedra, the principal red-tide 
producing dinoflagellate of Southern Call* 
fornia , waters, received major attention 
during this year's culture efforts because of 
its reported mild toxicity and suggested use 
as a food source. Five clones isolated from 
three geographical locations have been 



grown and tested for toxicity and saxitoxln 
content and two additional strains have been 
brought into culture but not yet tested. A 
number of field collections of mixed 
red-tides composed of 80-95% G. polyedra 
have also been made available for analysis. 

In-f!eld 
system 

The development of an in-field harvesting 
system utilizing a portable generator, 
immersion pump and continuous centrifuge 
have greatly facilitated the collection of 
natural blooms from inshore waters. Tests 
on this species have so far failed to reveal the 
presence,of saxitoxin. Thus, results to date 
suggest that public health problems possibly 
associated with G. polyedra blooms are not 
related to the production of saxitoxin by this 
species. Additional strains and cells grown 
under different conditions as well as red-tide 
harvest will be tested in future weeks. A 
modest prpgram of shellfish collection in 
San Diego County made in coordination with 
those of the California State Department of 
Public Health has been started: a few 
collections are available for specific saxitox- 
in analysis. 

Complex 
toxicity 

The complexity of toxicity and natural ' 
populations of dinoflagellates was Indicated 
by the appearance in. Southern California 
wat§rs'of the chain-forming Gonyaulax 
catenella, the well known saxitoxin producer 
and source for shellfish poisoning. This 
alga, usually associated with more northern 
and colder waters In the northeastern 
Pacific, occurred In small numbers off La 
Jolla in March, 1974. Whether its presence 
here represents a rare southerly intrusion or 
whether a distinct strain adapted to warmer 
waters Is Involved, Is a subject for further 
study. Two Isolates have been mass cultured 
and show a high toxicity and the presence of 
saxitoxin. This' material Is being used by 
Professor Rapoport to further develop the 
cheTnTcal assay tests previously limited to 
purified saxitoxin and shellfish. 

Application of the assay to suspect strains 
.of Gonyaulax tamarensis has yielded. pre- 
liminary data which show -that Jhe type. 
species from British waters is negative both 
by bioass^y and saxitoxin test. On the other 
hand a 1972 isolate of the same species from 
the New England coast tests strongly 
positive. Arrangements have been made for 
shellfish collected during the recent New 
England red^tldes to be shipped for specific 
saxitoxin testing. 
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Fastidious 




GymnodMum 

The more fastidious Gymnodinium breve 
(WHson strain) from the Gulf ot.Me^Uco has 
been under continuous mass culture and as 
estimated, raw material grown here during 
the past year has yielded 20-25 mg of 
partially purified brevitoxin, an amount 
sufficient to advance the structural, studies 
being conducted at Berkeley. In one harvest 
80% of the toxin produced wsts found to 
occur intraceliularly as contrasted to that 
released into the surrounding medium; 
hence only the colfected cells are being used 
for toxin Isolation at this Wme. The results* of . 



all laboratory cultured -materfal are sum* 
marized in Table 1. 

In ancillary studies on the ^hotosynthetic 
pigment composition of dlnoflagetlates, we 
have encountered a unique situatiotH In G. 
breve, the Florida red tide organism. It 
apparently lacks peridinin the ubiquitous and 
major carotenoid of dJaoffagellates {or Its 
rarely encountered replacement Fycoxan- 
thin). Since peridinin functions as a 
blue-green light absorbing pigment for 
photosynthesis, its absence may have 
interesting, photophyslological, ecological 
and taxonomic implications In studies ot this 
toxin-producing phytoplankter. 



Economics df Marine Resources ^'S/E 
Decision Modeling 

James J. Sullivan 

A student anthropologist signs oa as a hand for two sea voyages to Immerse himself In the 
community of fishermen. A young economist embarks on a theoretical analysis of the fisheries 
management and the reward structure for fishermen. 



The objective of this project is* to afford 
selected advanced graduate students in the 
social sciences research experience in 
dealing with marine resources problems that 
are addressed to develop information and 
alternatives for marine resource, policy 
making. Each year interns will be competi- 
tively chosen to receive support to work on 
the' dissertation topics that address impor- 
tant Issues in marine resource policy 
making. 

The students* dissertation research will be 
focused on the "social science" issues 
inherent in marine resource management. 
Their contributions should provide a broader 
perspective to policy makers and simultan- 
.eously broaden their own perspective as well 
as those of fhe S9ientist they are affifiated 
with. 

Agency 1 ^ 

affiliation 

The students will spend one-half of their 
time at an appropriate agency and be 
affiliated with the appropriate agency 
scientific research group. 

There are basically two related studies 
involved. Tracy R. Lewis is. stiJdying the 
economics of the tuna industry. Michael K 
Orbach is studying the socjo-economics of 
the community structure of the users of the 
tuna fishery. More specifically, the work of 
Lewis and Orbach in cooperation with the 



NMFS (National Marine Fisheries Servipe) 
population .dynamics group is reported on 
below: 

Research' ^ • * ' 

at sea . \ . 

Orbach began the grant year By continuing 
to lay the groundwork for. field obsi^rya- 
tions— collecting economic histories, statis- 
tics and references and generally making 
himself known around the tuna industry. 

He signed on a 500-net ton seiner with a 
Portuguese crew for the first trip of the 1974 
season and began to prepare himself and the> 
crew for his participant observer/ fisherman 
status. ^ 

This first experience at sea gave him an 
opportunity to observe first-hand the interac- 
tion of the crew, to follow radio transmis- 
sions-between boats at sea and from boat^ 
and crews to their home bases and families. 
This helped him gain an understanding of the 
processes by which the resource is found 
and allpc^ted within the fleet. 

He also observed disputes between boats 
at sea over rights to the resource and 
collected data on the perceptions and effects 
of risk and uncertainty among the crew. 
* After his return, he drafted preliminary , 
papers on two portions of the researqh, the 
inter-fleet communicatipns systems and the 
onboard processes of learning, sanctioning 
and confrontation. The outline derived 



formed the basis for futtire work on. the 
project. * ' . 

Travel , * * ' ; * ' 

to Waies^ - ^ 

OVbach substantiated his findings through 
research at MemoriahUniversity^ St. John's, 
Newfoundland' and Cardiff, South Wales, 
where he also attended the Conference cfn 
Social izatiorr to Maritime Occupations .at the 
University of Walfes Institute of Science and^ 
' Technology. * 

Before leaving on a second working sea 
voyage in late 1974, he drafted portions of 
his thesis corlcerning resource rights!and the 
effects of risk and uncertainty on the 
behavior ot both owners of the indust|7 aod 
the fisherman themselves and cor^tinued to 
collect 5lata on-^the fishing community and 
industry i^n geoeral. 

riis §gcond trip was aboard a 1 ,100-net ton 
seiner with an Kalian, Mexican and "down- 
south" crew. Orbach will present a paper at 
the 1975 meetings of the Society for 'Appliegi 
Anthropology in Amsterdam. , 

Share - . 
system ^ - 

Lewis worked with staff members at the 
* National Marine Fisheries Service and with 
the Economics Department at UC San Diego, 
to ?t«dy tWo aspects of marine resources: an/ 
empirical and theoretical analysis of optimal 
resources managem'fent in ocean fisheries, 
and- a theoretical* study of, the /'*share 
payment systenn'' peculiar to dcean fisher- 
men. ^. , ' 

For the first study, .sociSJlV optimal 
programs for allocating resources are derived 
in a theoretical and empirical study of the 
Eastern Pacific Yellowfin Tunra Fishery. The- 
fishery rs managed By choosing the rate of 
catch in each tim^ period to m?)^imi2e the 
discounted net economic retur-ns from the 
fishery over time. The effect on resource.^ 
allocation for random Variation's jn the ' 
avaiJability of the stock, whicK are caused by 
fluctuations in the environnrient, and uncer- 
tainty regjarding ^the future demand fo? the* 
resource are examined using CK)mputer 
simulation techniques. 



Emplricai 

• relatlbnshlps • , 

During this year, the biological and 
economic characteristics of the fishery have 
been analyzed, and'alJ the empiri'dal 
relationships, needed to cbrpplete ttie study 
have been»esHmated.*pomputer simulation 
^ tectiniques for evaluating possible respurce 
atlocatioh 'pro'grams have been developed 
and tested,, >Using th'^se techniques, optimal 
prog raoTB have been derived under determm- 
istic conditions— where air biological and 
ecorfomic processes in the fishery/ are 
completelyrpredictable. 
' Tt\e analysis cJf optimal program^s When 
there are fluctuations in the availability of :^he 
sXocV. and uncertainty regarding the future 

' demand for the Resource is partially 
completed. Preliminary results indicate that 
/the optinial rate of consuming the, fishery 

, resoOrcedepends on social attitudes tpwards 
risk in the retumslrom the fishery; the'usual 

^ practice of using th^ discount rate to capture 
' soci*al risk attitudes is generally not 
appropriate in dynamic stochcistic models of 
resource allocation /and the optimal rate of 
current resource cjonsumption decreases 
when the future av&ilabillty^and future 
demand for ^the resource become, more 
difficult to predict. 

-Uncertain - < 
Yield 

The second study is- a theoretical, 
investigation of the "share system of 
payment" that occurs in the fishing Industry. 
- Commercial fishermen are usually paid a 
certain share of the **take"'from each trip at 
sea rather than the us^u^l wage, that most 
workers in other industries receive, ft is well 
l^nown'that the economic yield from fishing 
is quite uncertain because of random 
fluctuations in the .environment and the 
junpredictability and variation in/economic 
conditions affecting the fishery. It is 
concluded in this st^d^ that the system j^an 
^efficient device for fishermen and %oa\ 
^owners to share the risks from production, 
^and that both parties naturally prefer the 
share method of payment \6 the other more 

* conventFortal wage system used in other 
industries. . 



Evaluation of Alternative Ittl'anag^ent ^ ^ state unwX 
Systems for the Eastern Troplca(, ^'^e;^ 
Pacific Tuna Fishery • - ^ V 

. V. G. Flagg * ^ , - 

. ' ^ ' - ... * , ^""^ » . * 

Int&rvlews with boat captains, llshenm^ and others Involved Jn the Eastern 'Tropical Pacific 
tuna/fishery indicate tha^ some form of r^trlction on licensing of vessels may be needed to 
ensure the maximum^stainable yield at the least possible social cost. 



Substaptiat profitsin the eastern, tropical 
Pacific ttlna fishery have led to significant 
numbers' of new vessels entering the fishery. 
Many people concernefd^ wjthMhe industry 
suggest that'some form, of Restriction upon 
entry is necessary in drder to 4ielp society 
reap the greatest possibPe sustained hqrvest 
of fish at the reast possible social cost. This 
project^ which begjan InT-'AprH 1974,* is, 
engaged in invesfigatihg and evaluating ' 
various alternative management programs in 
order to' determine the ^potential economic 
impact of each possible program upon the 
producers of tunq, th&/Consumers of tuna, 
and society ^t ^arge. / 



.Optimal 
number 

Sincfe most proposed ^management sys- 
way the number of 



tems limit -in some 



vessels engaged in a* fishery, it must be 
deterttiined wh^i op'timal nutnber of vessels 

^ a given fishery can utiHze^efficlenTly. The 
yelfpwffn tuna .fishery can be dfvided into 
baitboats, small purse sfeiners,^ and large 
pfurse seiners. Aaa preliminary part of this • 
projectfan* intensive stydy of cost fuQcJtions 
of. baitboats was conducted thrdugh in|er- 
views with boat sl^ippers, fishermen, and 
others in the industry. A study of cost§ of" 
purs6 seiners will be undertaken next, and i 
when it has been ^completed, it will be. 
possible to evaluate the role each componenl 
of the fishery should play in the efficient 

, harvesting of the resource. A study oi costs 
is ajso necessary to predict the economic " 

. effect upon different categories of fishing 

"^vessels of the imposition of some limitation 
device, ^uch as licenses, landings fees, or 
fisherman'^ qupta^. * ' ^ 
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Feasibility of a Black Cod Trap 
Fisheryrin lyibnterey Bay 



Moss Landing 
Mapine Laboratories 
R/FA-21 



Gregpr IVI.^X^ailiret 

Estimating the quantiVy of black cod that can be taken on a sustained yield basis,.estimating 
the ecological role of the black cod in deep waters of IMonterey Bay and indicating the most 
practical technfciues, maces and times for capturing the species will provide information and 
advicei concerning the utiliz^fion and conservation of this resource In central California 

Asa result of our ^lireliminary work three , 'year included ^52 day-cruises to* set and 

retrieve sablefish traps over a 13. month 
period, with trclps'set at 50 (34 traps set), 100 
(44), 300 (f7), 500 (37) anil deeper than BOO 
fathoms (11), respiting in a total of 203 trap 
sets. A total of 2632 sablefish were caught, 
1182 of them were sdved for examination of 
sex, age, reproductive stage, and stomach 
content analysis. The remaining 1450 fish 
were measured, tagged and returned to the 
Sea. To 'date we have recovered 42 fish 
(2.9%), 37, from commercial fishermen and 
five during our operations, all from Monterey 
Bay, We believe that the returned tags 
represent an underestimate since the fisher- 
men admit thatjthey return less than half the" 
tags' they find, and sincfe tag returns 
continue to come in. Eight hundred fifty-nine 



fishermen from Moss Landing and. seven 
from Monterey are presently fishing for black T 
cod (sable/ish) with traps in. Monterey Bay, 
thus emphs^tically establishing the feasibility 
of such a fishery-'on a fhort-Jterm basis. The 
total .pounds landed oommeVcially for the 
months of January through July, 19/4, were 
two-and-a-hatf times the landings cluring the * 
^m0cn3^)nths in 1972. Most of the increase 
was diie to continued ^^ghing during the 
salmon and albacore'seasons since in 1972 
the sablefish longNne fishermen generally 
switched to salmon' and albacore. 

Setting 
traps' 

Research accomplished durihg the grant 
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additional. Ii$h were analyzesd from s<§ven 
visits aboard' commercial fishirijg boats, and. 
192 sablefish were Gaptured by trawls, seines 
and hool^ and tine by Moss Landing Marine 
Laboratories personnel. Thus^.the tx^tai 
number' of sablejfish analyzed difring the 
grant yeac wasjJ683. 

ttotennining* . ^ % " . • . 

age' • . • ^ . . , • 

.Pre^iminary age determinations on §cales 
. arrdl otoliths suggest that* Sablefish in 
' Monterey Bay reach af least 12 years of age. . 
Age clas^ analysis is present^y^ under way. 
Gonad indices show that the 'majprity of 
sabflefish' spawn in deep water (somewhere 
deeper than 300 fathoms) during the winter 
months. Our trap-caught, fish" showed a sex 
rjitia favoring females by' four to one while ' 
the trawl-caught sat?tefish had about equal 
numbers of males ^nd females. \ " 

Adult s&blefish are fop carnivores and feed 
primarily on hake, octopus, flatfish, squid, " 
shrimp and vaHous. other bottom fishes,'^ 
while younger sablefish are more pelagic and 
feed on small squid, anchovies and 
euphau9ids. ^Feeding habifs are still being 
investigated. 

Longliners \ ^ . ^ , , 

switch 

It Was vnot pp's^fble to compare the 
lohgline catch rates with those of traps since 
all local longll/iers switched to traps during 
the early Weeks of pur project. However, 
James E. Hardwick^ Associate Marine 
Biologist with the Montfefey office of the 
XJalifornia Department of Fffeh and Game, Is 
presently working up th'e longline data for 
the several years prior to our project. He will 
work with us to analyze in detail the more 
practical and economic aspects of the 
Monterey Bay sablefi^ fishery, p^st and 
present. 

Comparing - ' . 

catch / i 
Catch rates were compared for three 



different baits. Squid caught sfgnificantly 
rhore fish per tmp (17.8) than anchovy (3.4) or 
herring (7.5). Soak times also affected Catch 
rates with four-hour sets catching the most 
fish per hbyr but one- to two-day sets^" 
catching the most fish per trap. At 300 to 500 

-fathoms catches ranged from approximately 
.twenty-five to 300" pounds per trap, and the 
traps *were annfazingly selective at these 

• depths. Only eleven other species of fish 
,were caught ij3 small numbers at the 
50-fathom station, while nine other species 
.wee caught in Iraps set deeper than 300 

-fathoms. In^every trap set between 100 and 
500fathomS'Sablefish never contributed less 
fhan 95% of the poundage caught. 

Trap^caught sablefish ranged in size from 
33 to 94 cm Standard Length artd in weight 
from one to 23 pounds (0.5-10.5 kg). All si2e 

« classes reported for sablefish in the - 
literature were found in Monterey Bay. 
Young sablefish (19-36 cm S.L.) were caught 
only in commercial purse seines, shallow 
otter trawls and by hook and line. The 
commercial bottom trawlers in Monterey Bay 
-drag between 40 and 90 fathoms and 
generally catch small fish (40-60 cm S.J..). 
The mean size of trap-caught sablefish 
increased with^d^pth and the largest fish 
were caught deeper *than 600 fathoms. The ' 
maximum depth a\ which sablefish were 
caught was 1000 fathoms (significantly 
deeper than the previously recorded maxi- 
mum depth), and in these traps the grenadier 
Coryphaenoides acrolepis and the codling 
Antimora microlepis were as abundant as 
sablefish. Changes in size frequencies by 
month and depth are presently being 
analyzed. , ' , 

Sihce the grant was extended at no cost to 
Sea Grant for three months, final completion 
of the entire project will occur at a later date. 
Early results . will be presented at the 
January, 1975, meetings of the Cal-Neva 
Chapter of the American Fisheries Society 
and will be published in the transactions of 
those meetings. 
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MARINE PRODUCTS 

This less familiaAraa of inquiry nonetheless touches the lives of oitlinary citizens more 
than the titles of Its projects might suggest. Consumer acceptance of canned marine 
products might be improved If researchers can perfect techniques under e^^amlnatfbn to 
impede or prevent unpleasant color changes or odors in fish between catch and canning. 
Another side of the research picture in this category emphasizes taking advantage of 
rather than averting natural processes - utilizing environmentally acceptable natural 
substances to prevent marine fouling, for instance,. or encouraging the bacteria that might 
ferment fishery wastes and residues into edible substances strange to some tastes but 
nutritious and possibly even good-tasting; or isolatfng medically useful natural 
substances from Pacific Coast algae. 




Dr. L. H. DiSatvo carries reef subsamples (corai 
heads) to resplrometer dome (right) to measure 
oxygenf consumption rates. 



ERLC 



Antioxidants for Marine Lipids 



Davis 
R/MP-1 



H. C. Olcott 

There is a continuing search for acceptable antioxidants to control oxidative rancidity of marine 
food products, ail of which contain highly unsaturated fatty acids susceptible to attack by 
oxygen. 



In the 1972-73 report, we outlined the 
rationale for a continued study of antioxi- 
dants, the use of which would increase the 
stability of fish products. Our experiments 
led to the ' identification, isolation, and 
characterizatioFf of a new type amino acid 
deriyative, namely the free radical, proline 
nitroxtde. A paper describing these observa- 
tions was recently published. The possibility 
of the practical utilization of proline nitroxide 
is limited by its solubility characteristics. We 
therefore have continued to "search for 
antioxidants with rriore promising proper- 
ties. 

• 

Stable free 
radicals 

Some .years ago we showed that some 
stable free radicals were very effective fish 
oil antioxidants. This work suggested to us 
that ethoxyquin, an effective and accepted 
antioxidant for field crops might well be 
oxidized to a stable free radipal in a system 
containing unstable lipids,' Recent work has 
indicated the merit of this concept. 
Ethoxyquin nitroxide has been isolated, 
purified, and characterized. This free radical 
is not only stable but also a more effective 
antioxidant than the original ethoxyquirT 
when assayed in the unsaturated hydrocar- 
bon, squalene. 

During the course of these studies, 
Patricia Murphy, a graduate student, discov- 
ered that an organic compound widely used 
as a buffer, could yield a free radical by 
simple oxidative procedures. This observa- 
tion is being published. 

Abstracts of three publications follow: 

Lin, James S., Vega Smith and Harold S. 
Olcott. Loss of Free-Radical Signal during 



Induction Period of Unsaturated Lipids 
Containing Nitroxide.Antioxidants. J. Agr. 
Food Chem., Voi 22. No. 4, 1974. 

Stable free-radical nitroxides have 
marked iginiioxidant activity in unsaturated 
lipids. The amount of residual nitroxide 
can be estimated from the electron 
paramagnetic resonance (epr) signal. With 
three different nftroxides in squalene at 
37* the signal gradually decreased during 
the induction period Only when it was no 
longer or barely detectable, did active 
uptake of oxygen begin At 50* with 
squalene and with menhaden oil, active 
oxidation began while the nitroxide signal 
was still measureable. In squalene at 37*, 
the three nitroxides studied, Tempol 
(2,2, 6, 6-tetramethyM-piperidinol-A/-oxyl), 
Synvar 611 (4',4'-dimethylspiro[5a-choles- 
tane-3.2*-oxa20lidinl-3'-yloxyl), and Synvar 
614 {2-[10-carboxydecyll-2-hexyl-4, 4-di- 
methyl-3*oxazolidinyloxyl), had relative 
antioxidant activities at equivalent molar- 
ities of approximately 2:1.2:1. A simple 
fied method for following weight gain and 
epr signal without transfer of sample is 
described. 

Lin, James S., Theresa C Tom, Harold S. 
Olcott. Proline Nitroxide. Agricultural and 
Food Chemistry, Vol. 22, No. 3, Page 526, 
May/June 1974. 

Proline nitroxide, a relatively stable free 
radical, was synthesized by the oxidation 
of W-hydroxyproline. Some chemical and 
physical characteh^stics are described. 
Proline nitroxide, like some other stable 
free radicals (Weil et al., 1968), has 
antioxidant activity in unsaturated lipids. 

Murphy, Patricia A,, James S. Lin, and 
Harold S. Olcott. Peroxide Oxidation of 
Tris to a Free Radical. Archives of 
Biochemistry and Biophysics 164, 776-777 
(1974). 

Summary. Tri's is oxidized to a free 
radical by peroxide-tungstate, moreVeadily 
at alkaline pH than at neutrality. 



studies of Fish Muscle Proteins ^S-l 

W. D. Brown. 

The development of severe brown discolorations in precooked tuna frozen and stored or 
shipped before canning prevents significant modification of existing technology in the 
processing of this seafood. If the problem were alleviated, fjsh could be precooked near point 
of capture, and the flesh removed, frozen and subsequently transshipped to the cannery. 



We have continued our studies in this area 
in the hope of finding means of preventing 
surface discoloration of frozen precooked 
skipjack tuna loins. The presence of these 
rather severe brown discolorations prevents 



significant modification of existing technol- 
ogy. Should the problem be alleviated, fish 
could be precooked near point of capture, 
the loins removed and frozen, and subse- 
quently be transshipped to the U.S. for 
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canning. Our work to date has established 
that two types of reactions are probably 
involved. The first is the so-called Maillard or 
nonenzymatic browning reaction, which 
apparently results from reaction of the sugar 
. ribose (released from tissue complexes 
during frozen storage) with protein or free 
amino acids. The second involves lipid 
oxidation and resulting production of brown 
colored products. We have developed (by 
modification of existing procedures) a 
method for the specific measurement of free 
ribose in fish muscle, and have used known 
methods to evaluate the extent of lipid 
oxidation. A number of trials have been made 
using various dips and glazes on the surface 
of precooked loins prior to freezing, loins so 
treated have been stored for several weeks, 
then thawed and the extent of discoloration 
noted. Most treatments to date have been 
ineffective. Materials evaluated to date 
include a variety of antioxidants and 
chelating agents. 

Treatments 

effective ^ 

Two treatments have proven effective. 
When it became apparent that lipid oxidation 
was a contributory factor to the discolora- 
tion, a number of experiments were done to 
evaluate the effect of removal of subcutane- 
ous lipid. Such lipid layerain skipjack tuna 
. may be removed fairly readily by physical 
means. Raw fish were skinned and t4ie lipid 
layer removed on one side of each fish, the 
other side being left as a control. Variations 
in such treatment included washing skinnecf 
surfaces with dilute detergent, applying , 
antioxidant to the skinned surface and 
injecting antioxidant materials subcutane- 
ously in the sides of fish'not skinned. After 
standard processing and three weeks of 
frozen storage the skinned loins (without 
antioxidant) showed significant improve- 
ment in surface color relative to the control 
sides. 

The second treatment that proved effective 
was attempted following a suggestion from 
industry personnel that the proposed treat- 
ment might yield positive results. In this 
study, halves of individual skipjack tuna 
were frozen in a water glaze while the other 
halves were frozen packed in lard (commer- 
cial brand, containing added antioxidants). 
Following three weeks of storage, samples 
were removed, steamed, and discolor3tion 
evaluated. The loins packed in lard showed 
no objectioQal browning, while the control 
halves were browned significantly. Further ^ 
work in these areas is in progress. We are 
tentatively assumming that the lard is acting 
as an effecHve oxygen barrier. Oxygen is 



certainly involved in the Irpid oxidation and 
may be in the brownihg reaction. We also 
plan to vacuum pack frozen precooked loms 
in oxygen impermeable films and evaluate 
the effectiveness of this treatment. 

Lightening 
surface 

In related other wo/k dealing with surface 
color of fishery products we have begun 
preliminary experiments (with the coopera- 
tion of Dr. Price of the Extension Service) to 
evaluate treatments designed to lighten the 
surface color of fresh and frozen fish fillets. 
This follows the approach suggested by . 
Oregon State researchers. Efforts to date are 
too limited to permit evaluation of progress. 
Additional work will be done. 

We have continued our work to determine 
in detail the so-called primary structure of 
yellowfin tuna myoglobin, i.e. the sequence 
of amino acids constituing this protein. Such 
knowledge is not available for any 'fish 
myoglobin pigment, although it is available 
for a number of mammalian myoglobins.««The 
information is useful in helping to under- 
stand reactions relative to the pigment 
properties of myoglobins. 

Student 
thesis 

The existence of this Sea Grant project has* 
attracted students to work in closely related 
areas even though they are not supported as 
trainees. One such student, John Williams, 
completed his M.S. degree dealing with the 
characterization of myoglobins from Atlantic 
and Pacific green sea turtles. His work 
included isolation and purification of the 
pigment from the two species and determin- 
ation of a variety of chemiQal and physical 
parameters to describe properties of these 
myoglobins. More recently another student 
has similarly become associated with the 
project and this past summer he initiated a 
study of factors involved in the enzymatic 
reduction of myoglobin in a number of 
species of fish. Such reduction Is important 
in preventing or reducing undesirable 
darkening of surface colors and is related to 
our efforts to.^'lighten" 'the color of fish 
fillets, as briefly mentioned above. He will be 
continuing this worH which will be used for 
his M.S. thesis. ' 

Desirable 
color 

As indicated in last year's repojt a number 
of pet foods that utilize fish products achieve 
a desiratjle color through the incorporation 
of nitrite. The use of this material may be 
stopped by the Food and Drug Administra- 
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tion,.in which case a sub3titute would be 
useful to give these products ^he desired 
reddish color. We continue work In this area; 
however we have temporarily stopped efforts' 
to Improve those materials previously 
suggested for use while we are evaluating 
the newer approaches to treatrfient of frozen 
tuna loins mentioned earlier. 

Efforts in this direction have not been 
initiated; however it is appropriate to 
mention here that there is now being 
Installed^ in our pilot plant a new Fr^n 



freezer that shows considerable promise. In 
fact, tuna industry personnel will be visiting 
to do preliminary freezing trials with tuna 
'loins during the fall of 1974. 

ProfetttontI Plactment 

Chan, Chemist; doing nutrient analyses, Schoerlcke 
and Runyon, Hayward, Calif. 
Y. M. Lee, Post Doctorate, Dept. Biological Chemistry, 
^ U.C. Davis. 

J. Williams, Jr., Extension Seafood Technologist, 
University of Alaska, Kodlak. 
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Natural Fermentation 
Of Marine Products 

E. V. Crisan and 
M. W. Miller 

Underutilized marine resourceior fisheTy waste products can be fermented to produce highly 
nutritional food products. If specific microorganisms can be ideintiOed, selected and combined 
to produce desireMermentative^ffects, fishery by-products will become not only valuable but 
palatable as weH^^ * 



)loi 



A variety of food products are produced by 
utilizing the fermentative capabilities of 
specific microorganisms. During fermenta- 
tion, these microorganisms modify basic 
components in the raw food product to 
produce a fermented food which may be 
^more nutritious, digestible, and/or palat: 
able. Fermentation provides a means of 
expanding the use of marine resources. The 
goai of this^ project is to identify the. 



microorganisms a^;sociated with fermented*. components 



Micrococcus. Single species of Achromo- 
bacter, Clostridium, Pseudomonas, and 
Serratia were isolated from individual 
products. The occun'ence of Bacillus species 
in all of the fermented seafoods suggests 
that they may play a critical rote in achieving 
the desired characteristics in the fermented 
product. 

Major 



seafoods and determine their role in the 
fermentation process. These fermentative 
activities will be utilized to develop new or 
Improved m^bods for exploiting underutil- 
ized marine resources and reutilizing fishery 
waste products. 

Fermented 
seafo|)ds 

Fourteen fermei<ted seafoods were anal- 
yzed to isolate and identify their microbial 
populations. These fermented products 
included whole animals, e.g. clams, oysters, 
shrimp, squid, and fish; specific organs, 
e.g. muscje tissue, gonads, intestines, and 
roe; and derived products, e.g. fish sauces 
and pastes. Only seven genera of bacteria 
were Ikolatdd from these products. The 
sporeforming genus Bacillus was common 
to all products and was represented by 
eleven different species and numerous 
sub-strains. A single species of Pediococcus 
was found in six products while five products 
contained one' or pore of four species of 



Protein and lipid are the major compofi- 
ents of marine products which have actual or 
potential food value. Fishery wastes contain 
large amounts of unrecovered protein and 
lipid which represent a significant loss to the 
world food resource and, in fact, create 
serious problems of environmental pollution. 
In addition to these major food components, 
waste from crab, shrimp, and lobster 
fisheries contain large amounts of chitin, a 
nitrogen-containing compound of limited 
nutritional value. Enzymatic assay proced- 
ures developed earlier in this project were 
used to te^t the microorganisms isolated 
from seafoods and other products to 
ascertain tbeir ability to digest lipids and 
proteins of marine origin (Table 1). Of the 228 
bacterial strains tested, 10.5% of the 
isolates could digest marine lipids, 69.3% 
were proteolytic, and 9.6% were chitinolytic. 
Of the 67 isolates of molds and yeasts, 
35.8% were lipolytic and 25.4%, were 
proteolytic; tests for chitinolytic abiitojre 
now in progress.^ ^^"^ 
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Tabt»1/ 

Enzymatic Activitfts of.Microbl«l Itolattt AQalnst Lipid, Prottfn.. 
and Chltin of Marine Origin. 





Bacteria 
(228 leotatee) 


« V , Molds & Yeasts 
^ (67 isolates) 


numt>er 


percent « 


number 


percent 


> ■ " 

Lipolytic only *** 


11 


4.8% 


12 


'17.9% 


Proteolytic only 


. 133 


58.3 


6 


7.5 


Chitinolytic only 


6 


2.2 






Lipolytic + proteolytic 


& 


3.9 


12 


" 17.9 


Lipolytic + chitinolytic 


1 


0.5 






Proteolytic + chitinolytic 


13 


5.7 






All "three activities 


3 


1.3 






No activity 


53 . 


23.2 


38 


56.7 



*tests for chitinolytl^ activity in progress. 

Nutritional 
products 

It Is expected that underutilized marine 
resources or fishery waste products can be 
fermented to produce highly nutritional food 
products. On the basis of data now available, 
it will be possible to select microorganisms 
exhibiting one or a combination of specific 
enzymatic activities vihich can be used to 
ferment a given marine product. Studies are 
being conducted to evaluate the parameters 
involved in selective fermentation wherein an 



undesirable or less valuable component can 
be reduced or modified without affecting the 
existing nutritional value of the substrate. 
This information will be used to develop 
processes designed for converting specific 
fishery waste products and underutilized 
respurces Into acceptable food products of 
increased nutritional value. 

Theses Completed 

Young, Raymond Tom. 1973; M.S. Thesis, '"^'Assay for 
lipolytic and proteolytic microorganisms using 
marine lipid and protein sources. 



San Diego 
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Marine Natural 
Products Chemistry 

David John Faulkner 

Studies pf antibiotic activity In marine bacteria may lead to the discovery of an oraanic marine 
coating that Impedes fouling without the Introduction of heavy metal or chlorinated organic 
toxins present In antlfouling paints produced and used today. ^ 

During the year 1973-74 we began a Antibiotic 



program to isolate marine bacteria. The 
purpose of this program is twofold. It had 
been observed that marine bacteria are the 
first organisms to foul a clean surface placed 
in sejawater. yVe' therefore felt that incorpora- 
tion of an Antibactei^ial agent into marine 
coatings might slow the process of fouling. 
An additional reason for , the isolation of 
marine bacteria is that some species produce 
antibacterial compounds, presumably as 
part of a chemical defense system. 

We have isolated over 25 pure cultures of 
mari ne bacteria from seawater samples. 
Since we have not identified many of these 
cultures, it is probable that there may be 
some duplication within our collection. We 
have also obtained pure cultures of marine 
bacteria and fungi which are pathogenic to 
crustaceans. 



activity 

The marine/bacteria were tested for 
antibiotic activity by standard techniques. To 
date, every culture which shows antibiotic 
activity is also coloured. There is not, 
however, a direct correlation between 
pigmentation and antibiotic activity since 
other coloured bacteria show no antibiotic 
activity. We have shown that at least one of 
the antibiotic-producing marine bacteria is 
autotoxic. 

As can be seen from the TableT 
compounds which are active against rrjA^ne 
bacteria are not necessarily active agfmnst 
"terrestrial" bacteria, such as S. aureus. In 
particular, attempts J(o eliminate marine 
bacleria with penicillin or streptomycin seem 
destined to failure, despite their popular use 
in culture media. We have found several 
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Marint 8*cttrt« 



Human Pathogtns 



f - 

3 I 

Aft 




CDromo^acttf sp. Mt Ubolitts 

p-hydroxybenzaJdehyde 
n- pf opy f- p- h y d ro X y benz oate 
tetrabromopy/role 
^ hexabronio-2'2"'btpyrrole 
1 

102-3 JhvAsligation 

, 3'bronnp»ndcHe-2-carboxyhc actd 
3-bromoindole-2-c;!art)035aldehyde 
2'bTonnomdole-3^a/bojriJdehyde 
5-bronnotn<Jole-3'Carboxa!detTyde 

Algal MfU^IHes - . 

taurmterol 

Jobi^stonOJ . * 

J>acUenol 

Prepacifewi epoxide 
Vioiac<5ne'l 

V«oiacene-2 • • 

. Vioiacene'3 

Bromophtnols 

4«bromO'3-m6thylphenol 
3 S-dibfomoO'Cresol 

Spongt: synthtttc Intfrmediatts 

* 2 
> 3 
4 

.5 * * 

6 ^ 



NT 
NT 
NT 
NT 



NT 



NT 
NT 
NT 
NT 
NT 



NT + + -NT 



4- NT NT 



compounds which>are active against marine 
bacteria. It is significant that these com- 
pounds were obtained from sponges or 
marine bacteria. ^ . 

Screening J - 

extracts 

Our research on ar\Jibiotics from marine 
algae has produced an interesting resuH 
whicfi may serve to Illustrate the pitfalls 
•which may be encountered when^scre^nmg 
crude algal extracts. During our early work 
on constituents of^the dige&tive gland of 
Aplysia calif ornica (sea hare) we showed lhat 
the "non-polar fraction** was afroagly 
antibiotic against S. aureus. We were able to 
show that the '*non-polar fraction" consisted 
of halogenated monoterpenes from two 
species of red algae, Plocamium^cartilagin' 
eum and P. violaceum. After an extensive 
study of the chemistry of the metabolites 



from these algae, (see report by Jon 
Mynderse)- we found that none of the -pure 
components of the mixtures of metabolites 
from either PIpcamium showed more than 
slight antibiotic activity. We assume that the 
antibiotic activity is due to. an' autocatalytic 
decomposition of thercrude extracts which is 
accompanied by the evolution of hydrochlor- 
ic and hydrobromic acids. A detailed study 
of this process is currently underway. 

Wide 
spectrum 

In summary, we have shown that many 
"commercial" antibjojics are not effective 
against marine bacteria, we have found 
several compounds with a wide spectrum of 
activity against marine .bacteria, we have 
elucidated the structure of a number of 
polyhalogenated monoterpenes from P/o- 
cam /u/n.s pedes. 
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Natural Compounds 
From Marine Organisms 



Riverside 
R/MP-5 



J. J. Sims 

Little Is known about the organic compounds contained In marine organisms. This project is 
exploring marine algae as a potential source of antibiotics. A variety of natural bromine- and 
chlorine-containing compounds have been Isolated, one of which possesses antibiotic activity 
at a level ten times that of streptomycin. 

The accomplishments of this grant are 
contained in the following publications: 
I^Fenical, W., James J. Sims ^nd P. 
Radlick 

1973.Chondriol, a Halogenated Acety- 
lene from the Marine Alga 
Chondria oppositiclada. Tetrahe- 
dron Letters, 313-316, 

S.Hirshfield, D. R., W. Fenical, G. H. Y, 
Lin, R. M. Wing, P. Radlick, James J. 
Sims 

1971 Marine Natural Products. VIII. 
Pachydictyol A an exceptional di- 
terpene alcohol from jhe brown 
alga, Pachydictyon coriaceum J. 
Am. Chem. Soc. 95: 4049-4050. 
3. Sims, James J., G. H. Y. Lin, R. M. 
- — Wing and W. Fenical 



1973. Marine Natural Products IX. Con- 
cinndiol, a bromoditerpene alco- 
hol from the red alga Laurencia 
concinna. J. Chem. Soc Chem. 
- Comm. 470-471. 
.Fenical, W.," James J. Sims, D, 
Squatrito, R. M, Wing and P. Radlick 
1973.Zonarol and isozonarol, fungitox- 
ic hydroquinones from the brown 



seaweed Dictyopteris zonarioi- 
rfes. J. Org. Ghem, 38: 2383- 
2386, 

5. Fenical, W., James J. Sims, P. 
Radlick, R. M. Wing 

1973. Zonaroland isozonarol, fungitox- 
ic hydroquinones from the brown 
seaweed Dictyopteris zonarioi- 
des, Food-Drugs from the Sea 
Proceedings 1972, Marine Tech- 
nology Society 199-202. 

6. Fenical W. and James J, Sims 

1974. Cycloeudesmol, an antibiotic cy- 
clopropane containing sesquiter- 
pene from the marine alga, 
Chondria oppositiclada Dawson. 
Tetrahedron Letters, 1137-1140, • 

Compounds 
Isolated 

The first natural bromine and chlorine 
containing compound was isolated from a 
Laurencia, 

An algal antibiotic, Laurintorol, was 
discovered shown to be as active as 
Streptomycin, 



Hydro Lab Coral Reef 
Conservation Experiment 

Louis OlSalvo 

During a saturated diving mission a method 
developed which suggests a broadly appllcabl^e 

The purpose of the project was to' 
determine methods of fn situ biological and 
chemical assays of stress on coral reefs 
whether .these stress effects are due to 
sewage, oil pollution, heavy metal pollution, 
or other stress including natural catastrophe, ^ 

Baseline 

information ^ 

Information obtained in the oxygen 
metabolism research can be used as baselme 
information concerning the normal metabol- 
ic rates of reef substrates due to bacterio- 
logic activity. Data obtained^n a new type of 
in situ bioassay of micro-grazing of the 
internal reef surfaces may serve as a 
systems indicator of pollutant stress to the 
reef internal system. Significant changes in 



Berkeie 
R/MP-6 



of assaying the "health" of a coral reef was 
system for determining reef pollution stress. 

these rates may be interpreted as stress 
(pollutant) effects on the reef internal 
regenerative system. 

Measurements were obtained during the 
7-day saturated diving mission which ^ 
indicated a similarity of reef substrate 
oxygen consumption measurements on a 
universal scale, suggesting this method of 
assay of the "health** of the reef may provide 
a broadly applicable method of assaying for 
reef pollution stress. Micro-grazing back- 
ground determination measurements were 
carried out, providing scientifically interest- 
ing assays of this phenomenon. Although 
measurements of this phenomenon were not 
obtained with the system under stress, it 
shows promise of being a valid in situ 
environmental bioassay. 
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Jack mackerel off Santa Cruz Island photographed by the "drop camera!" 



OCEAN ENGINEERING 

Man has long been \xt awe of gnsat and often unquantlfled forces of the sea* When It 
has t>een necessary to. protect himself from these destructive forces it has almost always 
been by the elaboration of massive engineering structures to confront nature* An 
understanding of coastal processes Is now providing the basis for design solutions 
utilizing natural processes rather than opposing them, focusing on the critical 
problem— control by the rapier rather than by the bludgeon. 

As man extends his activities seaward he finds that he needs new facts and an 
understanding of this unfamiliar regime. How much weight will bottom sediments 
support, how strong and changeable are the currents, and what are the extremes of wave 
climate? Ail are questions to be answered If many of the physical nasources of the sea 
are to be intelligently employed or If we are to trespass In this domain with pipelines 
and structures. 
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Wave Climate Modification 

In Harbors by Dynamic Breakwater 



San Diego 
R/E-1A 



John D. Isaacs 



The analytical and scale-model evaluation of a tethered float breakwater was substantially 
completed and the scaied-up engineering development was initiated. 



During this grant year, the analytical and 
model scale evaluation of the tethered float 
breakwater were substantially completed and 
the engineering development at ocean scale 
was initiated. 

A fihearized model for the response of a 
single float to random wave excitation was 
developed and extended to allow the 
calculation of the drag work done on the 
wave. The float response model was verified 
by comparing predicted to measured statis- 
tics for a one-meter float moored in water 10 
meters deep off Scripps Pier. The wave 
energy reduction theory, extended to arrays 
of floats, was verified by comparing 
predicted fo measured wave attenuation 
characteristics of model breakwaters in the 
wave channel. The analytical model is 
reported by Seymour and Isaacs (1974). An 
important contribution to^the success of this 
predictive model was the determination of 
the appropriate values for the added mass 
and drag coefficients for spheres in 
oscillatory flows and under conditions of 
transverse vibrations induced by vortex 
shedding. These parameters were found to 
be influenced substantially by both the 
relative amplitude of the oscillations and by 
the presence of the transverse vibrations. 
The experimental program for the determina- 
'tion of these coefficients is reporte^l by 
Seymour(1974). 

Model 
evaluation 

Testing tf model breakwaters at larger 
scale than previously employed was under- 
taken in the wave channel at the Hydraulics 
Laboratory. The floating ballast concept, in 
which the floats pierce the surface and the 
ballast remains clear of the bottom was also 
evaluated in this series of experiments. In 
addition to spherical floats, cylinders and 
clusters of Cylinders were also evaluated. 
Mooring loads on the free^floafting breakwa- 
ter assemblies were determined. These 
experiment^ provided jidditional verification 
of the analytical model. A preliminary report 
on this evaluation was made by Seymour, 
Sessions and Wallace. (1974). ' 

Plapement ^ . 

in ocean , . - ^ - 

section of a suspended ballast breakwa* 



ter using 20 cylindrical floats with disptace- 
ments approximately equal to a one-meter 
sphere was constructed in cooperation wftj) 
the U.S. Navy at San Clemente Island in a 
sheftered location to investigate instailation 
techniques. The floats were fabricated from 
scrap automobile tires filled with foam. This 
construction appears to be promising for low 
cost wave protection in fetch-limited applica- 
tions. 

A/Site survey was conducted at San 
Clemente Island to determine the location for 
the construction of a complete breakwater l?y 
the Navy next year. This structure will be 
approximately twice the scale of the 
experimental section already installed. 

A fully automatic data logging system for 
evaluatioh of the wave attenuation effective- 
ness of the prototype breakwater was 
procured and is now under evaluation. This 
system will be used at San Clemente when 
the large-scale breakwater is installed/ 

A paper by Seymour and Isaacs (1974) was 
presented at the Conference on Floating 
Breakwaters at Newport, Rhode Island In 
May. This work described the principles and 
operation of the breakwatei: and suggested a 
number of applications including harbor and 
marina protection, offshore terminals and 
beach erosion abatement. 




Tethered float breakwater experiment In laboratory 
wave chanhel showing attenuation of simulated ocean 
waves coming from lower left- 
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ration 
with Na\) 

The Naval Facilities Engineering Com- 
mand has initiated a development program 
for the tethered float breakwater which has 
the goal of producing a transportable 
breakwater capable of attenuating open- 
ocean waves. This program will involve 
ocean testing at progressively ificrea^ing 



scale, material evaluation and system 
engineering* The subscatq work conducted 
at San Clemente Island described above was 
in support of this effort. A preliminary film 
report of the cooperative Navy-Sea Grant 
work has been prepared. Participation by 
other government agencies and by industry 
in this development program is being sought 
by the Navy. 



Wave-Powered Generator ^^rSb 

^'John D. Isaacs 

The wave-power program has examined the feasiblHty of usefully extracting some of the solar 
energy stored in deep ocean waves, in particular the kinetic energy at the air/sea interface. ^ 

The Wave Power Program has examined 
the feasibility of usefully extracting some of 
the solar energy stored in deep ocean waves. 
Of the various ways in which solar energy is 
manifest in the oceans, this program has 
dealt with the kinetic energy input resulting 
from the direct interactions at the air/sea 
interface, i.e., the wind stresses which drive 
surace waves. Figure 1 shows some of the 
estimated dissipation rates of solar power in 
the oceans. 



POWER. DISSIPATION 
IN THE OCEANS 
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Figure 1. Estimates of power dissipation rates In the 
oceans. 

Energy 

estimates ' , 

The relative magnitu^Jes show that currept 
wave energy estimates ^re about. 3x1 6^^ 
wa^tts. However, this figure is conservative 
since, unlil<e tidal energy unde/ rriost 
circumstances, wave energy is self-healing. 
Depending on the fetch and strength of 
winds, etc., energy extracted can quickly be 
replenished'by the wind. 



in examining the Various ways by which 
this source of energy can be tapped, two 
rather discouraging facts become immedi- 
ately apparent. Waves, as such, are a very 
low-grade form of energy, and in their aatural 
state cannot be economically exploited. 
Afso, waves are often aperiodic. One would 
not expect an eight-foot wave to^ield much 
direct energy (e.g., there are few eight-foot, 
dams in existence). Thus, despite the 
magnificent display of obvious mechanical 
power exhibited by waves, any schemes 
which malie use of linkages, pressure 
chambers, bellow, floats, seasaw arrange- 
ments, etc, are economically unattractive. 
Indeed, history has shown these schemefe-to 
have a negligible success rate. For effective- 
ness the abtidn of the waves must be 
considerably amplified, and the worthing 
device needs to'operate in a manner that is 
substantially irndependent of the wave 
period. Stated differently, a device that 
would attempt to extract energy from the 
waves should have among its design criteria 
1) the ability to amplify the relatively low 
water head associated with wave height; 2) a 
broad-band range of response over wave 
amplitude and frequency; 3) the capacity to 
respond to smaller waves as well as 
vt^ithstand potentially destructive accelera- 
tio>i3 frorp largestorm waves. 

Vertical . . ■ ^ 
riser 

Through Sea: Grant support, a simple- 
solution to these probfems was investigated. 
The device considered is illustrated in Fig. 2 
and consists of .a vertical riser containing a 
flapper valve and a buoyant float at the 
surface,^ slack tethered, it responds directJy 
to wave motion. During operation the flapper 
valve closes for approximately half the wave 
cycle, forcing the entrained water column^to 



erJc 



' .72 



75 



follow the upward motion of the float. As the 
float starts to descend on the ocean surface, 
inertial ^'forces maintain the water on an 
upwards course, carrying it higher than 4he 
waveJieight. 



WAVE POWERED PUMP 



TUR80GENERAT0R 




Suitable 
pressure 

' Subsequent cycles raise the water suc- 
cessively higher until pressure suitable for 
power generation is reached. The wave train 
maintains water flow at the r'equired 
pressure. The pressure is limited by the 
length pf the pipe and the prevailing sea 
state. Where winds are consistent and large 
waves can be regularly anticipated, such as 
in a trade wjnd area, significant quantities of 
energy can be extracted. Figure 3 shows a 
typical power spectrum of wind waves and 
swell. On this plot are'shown Th, the natural 
period of the entire system in motion with 
.the pipe full of water and Tm , the natural 
period of oscillation of the water Within the 
pipe. As can be seen, Th and T^ are well 
without the range of normal wave frequen- 
cies. Thus the system is detuned, acts as a 
band-pass, and hence yill respond over a 
large frequency range.' 

Working 

model ' \ 

After considerable theoretfcal analysis of 
the system, a \A^orl<ing model was con- 
structed and tested in the waters off the 
cbast -of Southern California. The model 
consisted of an 8" diameter, 200' long free 
-ffoating vertical pipe, supported at its upper 
end by a surface-following buoy with, a 
unidirectional flow valve at a point 20' below 
the ocean surface. A number of test runs 
were held and the experimental results 
largely support the predictions of the 



mathemjatical model. In 6' •signified wav*s 
on an 8-second period, the pump produced a- 
mean pressure of 7.3" psi (equivalent to 
approximately a three-fold magnification of 
the prevailing waves) [n the accumulator 
tank. Continuous flow at this pressure 
through a discharge nozzle produced a 
power output (in the absence of a turbine) 
equivalent to 60 watts. For the same system 
parameters and swell conditions the theore- 
tical model predicts a pressure of 7.5 psI 
showing good agreement with actual results. 
Optimization of buoy configuration and tank 
size for the' above conditions would have 
resulted In a power output of approximately 
600 watts. Calculations based on the above* 
results show that a 3(J0' long pipe with a 36" 
diameter will produce an average of 18-20 kw 
of continuous power in a trade wind area. ' 

Wind waves 
energy 

The study and experimental program 
indicate that, in principle, it is practical to 
extract energy out of wind waves, it remains 
to be shown that the proposed method is 
economicaify sound and commercially vi- 
able. To do this it will te necessary to test a 
larger size model over a relatively long period 
of time. Initial indications are that the results 
will be promising. 



RESPONSE OF WAVE POWERED PUMP 
TO. WAVE SPECTRA 
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POWER SPECTRUM OF 
WIND WAVES AND SWELL 
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Figure 3. Response of a wavB*powered generator to a 
random sea. 



J 



Engineering Properties 
Of Sea Floor Sediments 

IraJ Noorany 



San Diego 
State Ufflversiiy 
R/.E-3 



Studies of the engineering pipperties of sea-floor sediments yield results of value to foundatlo;! 
engineering work on offshore structures and underwater installations, as well as nearshore 
developments. 



The objective of this, project was to 
determine the engineering properties of 
sea*fioor sediments from the continental 
shelf off the coast of southern California, 
and from the dee'f) sea Pacific. Emphasis was 
placed on determining the effects of 
sampling on the engineering properties of 
sea-floor sediments. The design of a 10,000 
psi high pressure triaxial test facility for 
testing sea-floor sediments was finished, 
but final construction of the test system was 
not completed by the end of the project. The 
results of the study are of value for 
foundation engineering work related to 
offshore structures and underwater installa* 
tions,^ as well as near shore developments. 

The test program to determine engineering 
properties of sediments recovered by SIO's 
tracked Remote Underwater Manipulator 
O'RUM") was completed. In addition toihese 
near shore samples, soft brown clay samples 
obtained from the deep sea in the North 
Pacific by Kennecott Exploration, Incorpor- 
ated, were tested for their engineering 
properties. Although it was intended that 
some calcareous sediments obtained /rom 
the deep-^ea drilling project JOIDES be 
tested, they were not available for this study. 
The laboratory testing was performed "at the 
Soil Mechanics Laboratory of San DJego 
State University under the supervision of Iraj 
Noorany, with the assistance of Elsworth 
Buchanan, a Sea Grant Trainee. 

Evaluating 
system 

Plans for the development of a unique-high 
pressure triaxial test facility for testing sea 
floor sedinients under ambient pressures up 
to 10,000 psi were developed during 1972-73. 
The components of this complex facility 
were constructed and the entire system was 
evaluated in a series of test rurfs. Several 
problem areas werejdentified and successful 
modifications made. The system's construc- 
tion was not fully completed at the end of the 
project term, however,. tecause two high 
pressure special load cells had to be returned 
to the manufacturer in England for repair. 



The systen) is designed to permit testing 
of sea-floofr sediments under high ambient 
pressures simulating the in-situ hydrostatic 
pressures. '.Furthermore, the system is 
designed so that the process of sampling 
and lifting of the soil sample out of the water 
can be simulated under tightly controlled 
conditions. The system Is composed of three 
main components. The first consists of two " 
10,000 psi triaxial chambers, equipped with 
internal load cells for accurate measurement 
of the load, and differential pore pressure 
transducers for measurement of pore-waler 
pressures. The second consists of a set of 
self-compensating mercury pots, enclosed 
in high pressure cyFinders, capable of 
'creating a small net effective stress (the 
difference between the cell pressure and the 
back pressure) which would remain constant 
regardless of the fluctuations in the main 
pressure source. For example, this system 
enables us to maintain a cell pressure of 
9910 psi and a back pressure, of 9,000 psi. 
The third main component Is a hydraulic 
pressure source for generating and maintain- 
ing pressures up to 10,000 psi. 

Accurate 
measurement 

This unique system will permit accurate 
measurement of the effect of sampling on 
the "behavfor" of marine sediments. The 
process of sampling can be simulated by 
comparing the properties of pairs of samples 
placed under identical conditions simulating 
the in-situ conditions and then subjected to 
the pressure reduction simulating the 
sampling process. 

Elsworth Buchanan, the Sea Grant Trainee 
for this project, successfully completed his 
work and received his Master of Science 
degree in January, 1974. Four pubjications 
resulting from this project were described in 
the annual report for 1972-73. The results of - 
the work during 1973-74 are being compiled 
for a paper to be published by I. Noorany, G. 
L. Luke, 0. Kirsten and E. Buchanan. 
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New Applied Developments ^^"S/e^^ 

John D. Isaacs 

• * 

CafCOFI utilizes photographs taken by a free-vehicle camera to help Identify schools of pelagic 
fish and estimate their density, t^sks formerly requiring the employment of a purse seine 
vessel. 



New Applied Developmeats is a continu- 
ing program of exploratory researph that has 
provided the initial investigations and 
assessments of new ideas to a degree 

' adequate for their evaluation for immediate 
usefulness or long-term research commit- 
ments. ^ 

During the past year Daniel M. Brown has 
developed a free-vehicle camera used to 
study pelagic fish schools. This "drop 
camera" system is lightweight and easily 
tossed over the side of a ship as it passes 
over a school of fish. The camera automatic- 
ally takes pictures every 15 seconds and is 
ballasted so that it sinks slowly. After a 
certain depth is reached, it releases the 
ballast and returns to the surface for 
recovery. If it sinks to a shallow bottom, a 
back-up release employing dissolvable can- 
dy, ice or salt, triggers the ballast release. 

' The entire system is cheap, easy to operate 
and results can be obtained very soon af^er 
recovery. 



Aiding 
CalCOFI 

Our present use of the "drop camera" has 
been to aid the California Cooperative 
Oceanic Fisheries Investigations (CalCOFI), 
in particular the California Department of 
Fish and Game and the National Marine 
Fisheries Service of the Southwest Fishery 
Laboratory, La Jolla, during their acoustic 
surveys of California and Baja California, 
They \jse the photographs to help identify 
the pelagic fish schools and estimate their 
density, substituting for the previous 
employment of a purse seine vessel. Along 
with acoustic data, the photographs then can 
be used to estimate biomass. The camera 
system could be used in many coastal zones 
of the world for identifying fishery resources. 

Several other new applied developments 
are discussed in the Institute of Marine 
Biennial Report 1972-74 (IMR Ref, No. 
74-15), 



Cooperating Organizations 

(Cumulative List)> 

I 

American Agar and ChemicaljCompany of San Diego 
Brookhaven National Laboratory 
California Coastal Zone Conservation Commission 
California Department of Fish and Game 
California Department o/ Navigation and Ocean Development 
; California Department of Public Health 
California State Park System 

City of Huntington Beach, Department of Harbors and Beaches 
Commercial Diving Center, Wilfnington, California 
Comprehensive Planning Organization,^ San Diego 
Del Monte 

Hueneme Fish and Bait Processors, Port Hueneme, California 
Hydrolab ] 
Institute of Behavioral SciencesI University of Colorado 
Los Angeles County Lifeguards 

Massachusetts Lobster Hatchery, Martha's Vineyard, Mass. 

f^ational Marine Fisheries Service, California 

National Marine Fisheries Service, Woods Hole, Mass, 

Naval Oceanoqraphic Office 

San Diego City and County Schools 

San Diego County Department of Flood Control 

San Diego County Department of Public Health 

Scripps Industrial Associates 

Star Kisi 

Universidad de Clencias Marinas, Ensenada, B.C. 
UC-Davis Extension 

University of Southern California, Harbor Project 
Van Camp 
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PROGRAM SUMMARY 



PROGRAM DEVELOPMENT 


FY72 


FY73 


FY74 


PROGRAM DEVELOPMENT 


FY72 


FY73 


FY74 


PROGRAM MANAGEMENT 








FISHERIES/AQUACULTURE 








Management and Program Development 
(Frtutschy, Shor) 


0 


0 


0 


Uses of Waste in Aquacuiture (Cooper /jHolmes) 




N 


C 


Rearing of Larval Fishes (Lasker) 


0 


C 




New Projects (Frautschy. ShoO 


N 


0 


0 


Economics of Aquacuiture (Johnston) 




N 


0 


Management (Moss Undlng-Huriey) 






N 


Aquacuiture of the American Lobster (Shieser) 


N 


0 


0 


EDUCATION /TRAINING 








Studies of Vertical Migration of Zooplankton 

\ciiiiyiiif u j| 








Graduate Education In Applied Ocean Science 
(Anderson) 


Q 


C 


- 


An Amorloon 1 nh^lar Fl^hArv in California fFord) 


0 


c 


R 


California Spiny Lobster Growth (Dexter) 


0 


T* 




Sea Grant Trainees (Frautschy, Sfior) 


0 


0 


0 


Historical Levels, Areas, and Routes of 


C 






Scientific Diving Supervisor Training (Stewart) 


c 






Pesticides In the Plankton and Fish of the 


Undergraduate Training in Marine Technology 
(Flittner) 


0 


0 


R 


California Current (Longhurst/ Lasker) 


Protective Measures for Lobster Aquacuiture 
(Mathewson) 


0 


R 


0 


Sea Grant Educational Services (Hurley) 


" 




N 


ADVISORY 








Evaluation of the California Spiny Lobster 
Fishery and Related Population 
Characteristics During a Period of Reduced 
Fishing Effort (Farrlt) 


C 






Ocean Education for the Public (Wiikie) 
Marine Extension Services (Cummings) 


0 
N 


0 
0 


0 
0 


Publications and Public Advisory Services 
(Sullivan) 




N 


0 


Abaione Culture (Leighton/Wilson) 
Seaweed Resource Management (Cultivation) 
(Neushul) 


N 

N 


C 
0 


.0 


Ocean Engineering Data Center (Johnson) 


- 


N 


0 


6e//tf/um Resource Management (Bahlotti) 


• 


N 


c 


More Effective Delivery (Thompson) 






N 


Salt'Tolerant Plants (Epstein) 




N 


— h 


Geophysical and Geological Data Center for 
Information on Petroleum Resources (Chase) 


c 






Fishes of the Santa barpara fveip roresi (cDeiingi 


\j 






Improvement of Methods of Predicting Sea- 
Surface Temperatures (Gibson) 


c 






The Juvenillzing Factor In Crustacean Eyestalks 
(Faulkner/O'Connor) 


C 


• 


- 


Marine Advisory Services Expansion (Flittner) 


c 


• 


N/C 


Ecology of Benthic Herbivores In the Sea 
(Connell/ Murdoch) 


C 


• 




San Diego Law Review (Bratton) 
COASTAL ZONE STUDIES 








Ecosystem Studies and Mahcultural Potential- 
ities of a Coastal Lagoon (Holmes 


C 






Toxins from Marine Dinoflagellates (Rapoport) 






n 


Environmental Conflict identification (Twits) 




\J 




Mass Culture of Toxic Dinoflagellates (Haxo) 


^ 




N 


Physical Criteria for Coastal Planning 
(Inman/Van Xtta) 


0 


0 


0 


Economics of Marine Resources Decision 
Modeling (Sullivan) 


N 


0 


R 


Biological and Ecological Studies of Normal 
Populations. Natural Variability and Effects 
of Environmental Changes in the Nearshore 
Zone (Newman) 


c 


• 


- 


Feasibility of a Black Cod Trap Fishery in 
Monterey Bay (Callliet) 


- 


- 


N 


MARINE PRODUCTS 








Ecological Studies of the Nearshore Zone 
(Fager/ Dayton) 


0 


0 


0 


Food Uses of Marine LIpfds (Olcott) 


N 


0 


R 


Studies of Fish Muscle Proteins (Brown) 


N 


0 


0 


Ecology of Santa Cruz and San Mateo County 
Coasts (Doyle) 


N 


0 


0 


Natural Fermentation of Marine Products 
(Cfisan) 


N 


0 


0 ^ 


Natural Seepage In the Santa Barbara Channel 








Pharmaceutlcals^from Marine Organisms 
(Faulkner) 


0 


•O 


R 


An Investigation of the Seismicity and Earth- 

oiiakA Ha7arr1^ nf IhA 5^anta Riirhars Ch&nnAi 

Area (Sylvester) 


N 


c 


• 


Natural Compounds From Marine Organisms 
(Sims) 


N 


0 


0 


OCEAN ENGINEERING 








Sea Coast Planning Project (Hetrick, et ai ) 




c 




Mnnltnrlnn nf Pnlllilinn DaramAtArv In Qan 

Francisco Bay (Wilde) * 




N 


0 


Enhancement of Natural Marine Productivity by 
Artificial Upwelling (isaacs/Schmitt) 


C 






Recreation Resources of Los Angeles County 
Coast (Egstrom) 




N 


0 


W^ve-Power (Isaacs) 

a) Wave Attenuation Studies 

b) Wave-Powered Generator 




N 


0* 


Trace Metal Analyses of Oily Beach Pollutants 
m the Santa Barbara Channel (Mikolaj) 


N 


C 




Unmanned Sea Floor Work Systems (Anderson) 


0 


. c 




Organizational Arrangements for Coastal 
Management (Lee, Scott) 






N 


Engineering Properties of Sea Floor Sediments 
(Noorany) 


N 


0 


C 


Development and Assessment of Legally 
Revvssible Methods for Coastal Manage- 
ment (Heyman) 






N 


Synthesis of Forces on Marine Structures 
(Pauiiing) - 


N/C 






Underwater Cable Dynamics (Webster) 


N 


C 




An Expe^mental Study of the Tomales Bay 
"Sneaker Wave" (Fischer) 






N/C 


New Applied De^velopments (Isaacs) 


0 


0 


0 


Acoustic Holographic System for Underwater 
Search (Wade) 


N/C 






Legal Techniques for Marine Resources 
h^anagement (Bowden) 






N 


Composite Materials for Ocean Construction ^ 
(Tetelman) 


N 


C 




Design of a Computer*Automated Map (Pepper) 






N/C 


N m New Project 


0 Bs Completed ProJec| 


0 a Ongoing Project 


Ts Terminated Project 


R a Restructured Project 


♦No Finer Report 




ACTIVITY BUDGET SUMMARY 
1973-74 



Marine Resources Development 
Aquaculture 

Living Resources (other) 
Marin© Biomedicinals & Extracts 

Socio-Economic & Legal Studies 
Marine Economics 
Ocean Law 

Socio-Politicai Studies 

Marine Technology Research & Development 
Ocean Engineering 
Resources Recovery & Utilization 

Marine Environmental Research 

Research & Studies in Direct Support of 

Coastal Management Decisions 
Ecosystems Research 
Applied Oceanography 

Marine Education & Training 
College Level 

Vocational Marine Technician Training 
, Other Educatio,rL(Sea Grant Traineg§)_l. — 

Advisory Services 
Extensiori Programs 
Other Advisory Services 

Program Management & Development 
Program Administration 
Program Development 



NOAA 
Grant Funds 



256,422 
47,910 
21,518 

31,318 
9,925 
13,082 

104,296 
79,861 



34,496 
20,966 
53,453 



4,915 
21fU00a- 

119,872 
74,920 

123,274 
2,872 



University 
Matching Funds 

155,064 
46,046 
.16,374 

14,790 
14,467 
5,828 

77,604 
43,226 



57,481 
4,504 
38,790 

65,491 
1,000 



67,840 
57,026 

93,207 



TOTAL 



$1,215,100 



$758,738 



SEA GRANT PUBLICATIONS 1973-74 

Andersen, R,J. and D.J. Faulkrter. Antibiotics from Marine Organisms of the Gulf of California, 
Marine Technology Society, transactions of the Third Food and Drugs from the Sea 
Symposium. Rhode Island, August, 1972. 

Andersen, R,J,, M,S, Wolfe, and D.J. Faulkner. Autotoxic antibiotic production by a marine 
Chromobacterium, Marine Biology, in press. 

Charters, A,C,, M. Neushul and D. Coon. 1973. The Effect of Water Motion on Algal Spore 
Adhesion .^Limnol. and Oceartography 75(6): 884-896. 

Coon, David, Measurements of Harvested and Unharvested Populations of the Marine Crop 
Plant Macrocystis. Presented at Vlllth International Seaweed Symposium, Bangor, Wales; 
August, 1974. In press. 

Crisan, Eli V. Fish Protein Concentrate: Potentials and Problems. Paper presented to the 
Western Food Industry Conference/ Meat Processing Conference, University of California, 
Davis. March 28, 1974. 

Crisan, Eli V. Natural Fermentation of Marine Products. Progress report presented to the ad hoc 
Seafood Industry Advisory Committee on Sea Grant, University of California, D^vis. September 
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Crisan, Eli V. Natural Fermentation of Marine Products. Progress report presented to the ad hoc 
Seafood Industry Advisory Committee on Sea Grant, University of Califprnia Davis. March 19, 
1974. 

Dickert, Thomas and Jens Sorensen. Social Equity in Coastal Zone Planning, in Coastal Zone 



Dickert, Thomas, Jens Sorensen and Robert Twiss. Managing the Cumulative Impact of Coastal 
Development. Working paper prepared for the California Coastal Zone Conservation 
Commission. . . ^ j 

Dingier, J.R., 1974. Wave-Formed Ripples in Nearshore Sands. Ph.D, dissertation, Scripps^ 
Institution of Oceapography, University of California, San Diego, 133pp. 

. Egstrom, Glen H., 1974, The Los Angelep County Underwater Resource Inventory. October 
1972 - September 1974, NOAA Office of Sea Grant, Underwater Laboratory Department of 
^ ' Kinesiology, UCLA Sea Grant Program. ' ^ 

Epstein, E. 1974. Salt Tolerant Crops? Proc. 1974, California Plant and Soil Conference. 

Faulkner, D,J: and R,J, Andersen. Natural Products Chemistry of the Marine Environment. The 
Sea, Vol. v., E.D. Goldberg, ed., Wiley - irrtersclence. New York, 1974. 

Fenical William, 1974. Polyhaloketones from the Red Seaweed Asparagopsis taxiformis. 
Tetrahedron Letters No. 51/52; pp 4463-4466, 1974. 

Fenical, William and J, J. Sims, 1974. Cycloeudesmol, an Antibiotic Cyclopropane Containing 
Sesquiterpene from the Marine Sponge, Chondria oppositlclada, Dawson, Tetrahedron Letters, 
73; pp 1137-1140. 

Fenical, William, J.J. Sims, P. Radlick and R.M. Wing, 1972. Zdnarol and Isozonarol, 
Fungitoxic Hydroquinones from the Brown Seaweed Dichtyopteris zonaroides. Marine Tech, 
Soc. Food and Drugs from the Sea Proc, pp 199-202, 

Fyfffe, William E., and J.D. O'Connor, 1973. Characterization and Quantification of Crustacean 
Lipovitellin. Comp. Biochem. Physiol., 1974. Vol. 47B; pp851-867. 

Guza, R.T., 1974. Excitation of Edge Waves and Their Role in the. Formation of Beach Cusps. 
Ph. D. Dissertation, Scripps Institution of Oceanography, University of California, San Diego, 
102pp. 

Hansen, J. E. 1974. Studies of the Population Dynamics of Iridaea cordata (Gigartinaceae, 
Rhodophyta). Proc. Vlllth Intl. Seaweed Symp. In press. 

Harris, Karl A. and A.C. .Charters. Real-Time Monitoring of light in the Inteftidal Zone. 
Presented at 54th Annual Meeting, Western Society of Naturalists, San Diego, California, 
December 1973. 

Hartwig, Eric 0., 1974. Physical, Chemical, and Biological Aspects of Nutrient Exchange 
between the Marine Benthos and the Overlying Water, UC-IMR Reference No. 74-14, Sea Grant 
Publication No. 40. 

Hemingway, G.T., 1973. Feeding in the Marine Snail Acanthina spirata. American Zoology., 13 
(4): PP1345. 

Hetrick, Carl C, C.J, Liebermanand D,R. Ranish, 1974. Public Opinion and the Environment: 
Ecology, the Coastal Zone, and Public Policy. Coastal Zone Management Journal, Vol. I, 
Number 3; pp 275-289. 

Holllday, D.V., 1974. Doppler Structure jn Echoes from Schools of Pelagic Fish. Acoustical 

Society of America, Subject Classification: §0.45; 30.80; 30.25. Am,, 55(6). 

Inman, D.L., et al, 1974. Ancient and Modern Harbors: A Repeating Phylogeny. Proc. 14th 

International Conference on Coastal Engin^ring, American Soc. Civil Engineers, In press. 

Inman, D.L., 1974. Pollution in Coastal Waters. Science, Vol. 184; No. 4139, p915. 

Inman, D.L., et al, 1973. Water Motion and Sediment Interaction, Offshore Nuclear Power 

Siting, pp 1-15. Deliberation of the Workshop, Rockville, Maryland, 15-17 October 1973. 

Wash.-1 280, 36pp. 

Johnston, W.E., and P.G. Allen. Technology Assessment and the Direction of Future 
Research. Use of Computerized Budgeting for Lobster Aquaculture. Presented at the Annual ^ 
Meeting of the American Agricultural Economics Association, Texas A&M Imoversotu. Aigist 
1974; pp 1-28. . ' ' 

Kellogg, S.T., J.F, Cherry, H.C, Schaplroand J,F, Steenbergen. Immunization of the American 
Lobster (Womaras americanus) to gaffkemia with Aerococcus viridans. 



Management Journal, Vol. 1 , No. 2. 



ERIC 



78 




Kellogg, S. J F. Steenbergen and H. C. Schapiro. Isolation of Pediococcus homari, Eltologlcal 
Agent of Gaffkemia in Lobsters,^from a California Estuary, 1974. AquacultureS: pp 409-41 3. 
Kimball, H.S., J.F. Steenbergen and H.C. Schapiro. Serological tmrnunizatign of the American 
i-obster (Homarus americanus) to Gaffl^emia with Aerococcus viridans. Submitted to 
Aquaculture^ 

Krel^orian, C. O'Neil, D. C. Sommerville and R.F. Ford, 19/4. Laboratory Study of Behavioral 
Interactions Between the American Lobster, Homarus americanus and the California spiny 
Lobster, Panulirus mterruptus, with Comparative Observations on the Rocl^ Crab, Caricer 
antentianus. Fishery Bulletin: Vol. 72, No. 4, 1974. pp 1146-1159. 

Lam, R.K., 1974. Atoll Permeability Calculated from Tidal diffusiotP. J. of Geophysics Res 79 
(21): pp 3073-3081. ^ ^ ' 

Lam, R K., 1974. Swains Island Tide Measurements, April-May, 1970. SIO Reference Series 
•74-11. 12pp. 

Lee, Y.M., and W.D. Brown. Stability and autooxidation of Photooxidized Myoglobin Paper 
undergoing revision. ^ / » k 

Leighton, David L. The Influence of Temperature on Larval and JuvenileGrowth in three Speciea- 
of Southern California Abalones. Fishery Bulletin: Vol. 72, No. 4, 1974. pp 1137-1145. 

22%)'- p'p 526 523"^ Proline Nitroxide. Agriculture and Food Chemistry, 

Lowe, R.L., D.L. Inman, and CD. Winant, 1974.' Current Measurements Using a Tilting Spar. 
' Proc. 14th Conference on Coastal Engineering, American Society of Civil Engineers. In press. 
Lowry, L.F. and John S. Pearse, 1973. Abalones and Sea Urchins in Areas inhabited by Sea 
Otters. Marine Biology, 23." pp 21 3-21 9 

Lowry, L/ F., A. J. McElroy and J. S. Pearse. 1974. The Distribution£)f Six Species of Gastropod 
Molluscs in a California Kelp Forest. Biol. Bull. In press. 

Morey, K.S., S. Hansen and W.D. Brown. 1973. Reaction of Hydrogen Peroxide with 
Myoglobins. J. of Food Science, SS.-^pp 1104-1107. 

Morgan, W.D. and W.E. Brownlee. 1974. The Impact of State and Local Taxation on Industrial 
Location: A New Measure for the Great Lal^es Aegion. The Quart. Rev. of Economics and 
Business, 14(1): pp67-77. 

Mynderse, Jon S., D. John Faull^ner. October 16, 1974. Violacene, A Polyhalogenated 
Monocyclic Monoterpene from Red Alga, Plocamium violaceum. Journal of the American 
Chemical Society 96.'-21 ; 6771 (1974). 

Neushul, Michael, D. Coon, August, 1972. Bibliography on the Ecology and Taxonomy of 
Marine Angae. \MB Reference No. 73-1 ; Sea Grant Publications No. 21. 
Neushul, Michael. Relationship Between Form and Habitat in Benthic Macroalgae. Presented 
at 54th Annual Meeting, Western Society of Naturalists, San Diego, California, December 1973. 

Noorany, L, 0. H. Kirsten, and G. L. Lul^e. .1975. iaeotechnical Properties of Sea-floor 
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